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GENERAL INTRODUCTION TO 'rUE SERIES. 


Dukin<i the })!ist few ^’cars ilie cuiliscd w<nkl lias la'^^mi to realise the 
advantages uccniing to scientilK leM'aieli, witli the result that an ever- 
iiiA*easiiig amount of time and thought is being de\oted to various branches 
of science 

No study has piogrjpssed moie i.ijndK tlian chemistiy. This science 
may be dnided roughly iHto'se\eial branches namely, Organic, Physical, 
Inorganic, and Amdytical Chemisti\ It is im[)Ossible to write any single 
text-book which shall contain within its two co\ers a thorough ticatment of 
any one of those branches, owing to the \ast amount of information that has 
been accumulated The need is lather for a senes of tex t -books rfleal mg more 
or loss conitnehensivoly with eaih bianch ol chemistiy. This has already 
been attempted by enterprising tirms, so fai as phjsieal and analytical 
chemistry are concerned , and the jiiesent senes is designed to meet the 
needs of inoiganic chemists One great aiKantago of tins procedure lies in 
the fact that our knowledge of the dilteient sections of science does not 
progress at the same late (Consequently, as soon as any particular part 
advances out of pioportioii to others, the volume dealing with that section 
may he easily revised or rcwiitten as occasion requires 

Some method of classifying the elements for tieatmcnt in this way is 
cleaily essential, and we liave adopted the Periodic Classification with slight 
alterations, devoting a whole volmne to the consideration of the elements in 
each vertical column, as will be evident from a glance at the scheme in the 
Frontispiece. 

In the first volume, in addition to a detailed account of the Elements 
of Group 0, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the .selection of material for this volume, 
and an attempt has been made to piescnt to the reader a clear account of 
tlie principles upon which our knowledge of modern Inorganic Chemistry 
1.S based. 

At the outset it may be well to explain tliat it was not intended to write 
a complete text-book of Physical Chemistry. Numerous excellent works 
have aheady been devoted to this subject, and a volume on such lines would 
scarcely serve as a suitable introduction to this scries. Whilst Physical 
Chemistry deals with the general principles applied to all branches of 
theoretical chemistry, our aim has been to I'lnphasise their application to 
Inorganic Chemistry, with which branch of the subject tjns series of text- 
books 18 exclusively concerned. To this end practically all the illustrations 
to the laws and principles di.sci|ksed in Volume 1. deal with inorganic 
substances. 

Again, tliere are many subjects, such as the methods employed in the 
accurate determination of atomic weights, which are not generally regaiided 
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as forming part of Physical Chemistry. Yet these are subjects of supreme 
importance to the student of Inorganic Chemistry, and are accordingly 
included in the Introduction. 

. Hydrogen and the ammonium salts arc dealt with in Volume II , along 
(vith the Elements of (iroup I The position of the rare earth metals in the 
Periodic Classiticatioii has for many years been a source of difficulty. They 
have all been included in Volume IV., along with the Elements of Group IIL, 
as this was found to be the most suitable place for them. 

Many alloys and compounds have <an equal claim to be considered in tvo 
or more volumes of this series, but this would entail unnecessary duplication. 
For example, alloys of coppei and tin might be dealt with in Volumes II. and 
V. respectively. Similarly, certain double salts— such, for example, as ferrous 
ammonium sulphate— might \ery logically be included in Volume II undei!\ 
ammonium, and in Volume IX under iron. As a general rule this diffio dty * 
has been overcome by ti eating complex .substances, containing two or more 
metals or bases, in that \olume dealing with the metal or base which belongs 
to the highest group of the Periodic Table For example, the alloys of copper 
and tin are detailed in \'olume V. along with tin, since copper occurs earlier, 
namely in Volume II. Similarly, feirous ammoniiui) sulphate is discussed in 
Volume IX. under iron, and not under ammonium in Volume II. The ferro- 
cyanides are likewise dealt with in Volume IX 

But even with this arrangement it has not always been found easy to 
adopt a perfectly logical line of treatment. For example, in the chromates 
and permanganates the chromium and manganese function as part of the 
acid radicles and are analogous to sulphur and chloiiiie in sulphates and 
perchlorates ; so that they should be tre.ited m the volume dealing with the 
metal acting as base, namely, in the case of potassium permanganate, under 
potassium in Volume 11 Hut the alkali permanganates possess such close 
analogies with one anothei that sepaiate treatment of these salts hardly seems 
desirable. They are therefore considered in Volume \'1I1. 

Numerous other little iiregulaiities of a like nature occur, but it is hoped 
that, by means of carefully compiled indexes and frequent cToss-referencmg 
in the texts of the separate xolumes, the student will experience no difficulty 
in finding the information lie requires 

Particular care has been taken with the sections dealing with the atomic 
weights of the elements in question The figures given are not necessarily 
those to be found in the original memoirs, but have been lecalculatcd, except 
where otherwise stated, using the following fundamental values — 


Hydrogen = I 0071)2. 
Sodium = 22’996. 
Potassi u m = 39 ■ 1 00. 
Silver =107 8H0 
Carbon = 1 2 003 
Nitrogen = 14 008. 


Oxygen ■= Hi 000. 
Sulpliur = 32 065. 
Fluorine- 19’015. 
'Chlorine = 3-') 157 
Bromine = 79 916 
Iodine = 126920. 


By adopting this method it is easy to compare diiectly the results of earlier 
investigators with those of more recent date, and moreover it renders the 
data for thd different elements strictly comparable throughout the whole 
series. . \ ^ 

Our aim has not been to make th^olumes absolutely exhaustive, as 
this would render them unnecessarily bulky and expensive ; rather has it 
been to contribute concise and suggestive Recounts of the various topics, 
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and to append numerous references to the leading works and memoirs dealing 
with the same. Kvery effort has been made to reiider these references 
accurate and reliable, and it is lioped that they will prove a useful feature 
of the senes The more important abbre\iations, which are siibstantialjy 
the same as those adopted by the Chemical Society, are detailed in th^ 
subjoined list 

In order that the series shall attain the mavimum utility, it is necessary 
to arrange for a ceitaiii amount of unifoimity thioiiglioiit, and this involves 
tl«i suppression of the peisonality of the individual author to a corresponding 
extent for the sake of the common welf.iie It is at once my duty and my 
pleasure to (‘xjiress my sinceie apfirecialioii of the kind and ready manner 
ill which the aiitliois have accommodated themselves to this task, which, 
^ithoiit their heaity co-operation, could never have been successful Finally, 
I w^h to acknowicilgc the unfailing courtesy of the publishers, Messrs 
Cliarles (Jritlin it ()o , who liave done e\ci\ tiling in then power to render the 
W’ork stiaightfoiwaid and easy. 


J NKWTON FRIEND 




PREFACE. 

Tijk present volume aims at giving a tolerably complete and readable 
a 'count of the luorganic chemistry of tlie elements of the third group of the 
renouic Table, togothei with ceiium and the tei valent rare eaith elements. 
Where they aie of paiticular interest or importance, however, various organic 
compounds of these elements have also been described, particularly m deal- 
ing witli the raie earth elements. 

So far as was possible* witliont oveiburdenmg the text, the results of 
modern ph\biLO-chemical woik ha\e been included. It is hoped that the 
bibliography relating to the puie chemistry — inorganic ana physico- 
ohenncal — of the elements described is practically complete and that no 
nnpoitant references are omitted. The discussions of mineralogical, technical, 
and an.dytical chemistry are of necessity lery brief, but it is hoped that the 
bibliograjiliics attached to them will be of seivice to the readci. 

The chapt('rs dealing with the rare earth elements together constitute 
more than half the book, and form the moat coinjilete account of the 
chemistry of these elements that has yet ajipearcd m Knglish. No apology 
18 needed for the somewhat lengthy discussion of tlic spectia of these elements. 
'Ihc nature of tlie cathodic phosphoiesceme spectra lias been purposely 
discussed in considerable detail, and it is hoped that the deseription of 
Urbain's beautiful researehes on this subject may assist Knglish clieinists 
in realising that the atmosplieie of mystciy and lomanco which they have 
80 long associated witli these elements has at last been dispelled 

In the pieparalion of the text, the Dictionaiies of Morley and Muir, 
Watts, Wurt/, and Thorpe and the Handbooks of Abogg, Daumier, Fehling, 
Gmelin, Ladcnbnrg, and M<Ms.san .have been freely eonsulled The Abstracts 
published by tlio Knghsli and Anieiicaii Chemieal Societies have also been 
of great seivici* V veiy considerable pioportioii of tlic text, however, has 
been piepaied directly fiom the original memoiis. Hooks consulted for 
infoim.Uion on special topics are usually mentioned iii footnotes , in addi- 
tion to those, Hrownmg’s Infiodnction to the Rarer Rtetnentx, Hohin’s Vie 
DarstelliDiif (ter seltenen KrReu, and Truchot’s Af'.s T<nen Hares may be 
mentioned. Most of the rebu’cnees cited lia\c been ebecked by reference to 
the original journals, etc 

The Authoi desires to express his deep indebtedness to Dr A. B Searle, 
the w’ell-knowii authority on clays, for his kindness in oritically revising 
the proof-sheets of Chapleis IV” and V., and to thank Profeksoc C, James, 
of New Hampshire College, D.S.A , Dr M W Traxers, F.ll.S , and several 
otlier gentlemen for pn Mtc information on a variety of points. For the 
preparation of tlie name index llu^Author is indebted to Dr J. Newton 
Friend. 

The photographs from whicli#the plates have been prepared were kindly 
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taken for the Author by Mr K. Hickman, the necessary facilities having been 
granted by Professor. A. Fowler, F.R.S., of the Imperial College of Science 
and Technology, and the rare earths having been presented by Professor 
G, James 

^ Corrections, omissions, or criticisms will bo thankfully received by the 
Author, who would also be grateful for ropiints of original papers bearing 
on the subjects included in the book 

H F. V. LITTL?: 

Thorium, Lid., Iliurd E'^sex, 

March 1917 

ReptitUed 1921. 
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VOL. IV. 

VLL'MLNir.M .\.M) ITS CONCIINKKS. IXOLUDING 
Tlll'l HAIM': HAHTll .UHTALS. 


shoit pel Hill-. 


CII.O’TKI! I 

INTRODUCTORY. 

riLTAiMN'. Moiid.’l. olN oiium.il foi llu' mmios, (lioup^ III of the 

IVundlC lll.lN l).‘ IOl.lOM-!dl‘d HS 111 IIh- SUl.J..MMd t.ddo HoKUl IS t 10 

.dic'd “iMM.vd ol.Mncid lioion an.l almnmiiii.i .iic' iiu'inl.ors of the 
Tho loiii.miiui: olnnoiits iMdoim to IIm Ion- poiiods, iind 
ni.ts 1,0 diMclud into lli<‘ u<Ui siih-ioup, oi Milif^nnip III. H, 
\i/‘, (Ia, 111, .md Tl, ;um 1 tin' ci^u suh.moiip, o» Siil>j>ioup 
in' *M/, So, Li, .md Ac \ltirniniiiin oxliilnls a 
I ni.iikod ii‘M*iiil»].mc(' to tin* iiieml»(*i.s of tin* odd sul)^a'OUp, 

' uiili winch It is iiMi.dIv classid (jinuin will not be 
diM uss« d 111 tin' inc^iMit cli.ipli‘ 1 . 

Ai .1 non incl.d, hoi on possc'^M's little in (oiniiiori with 
tho (dher clciiKiits of tins uioup, hut oxlnhits ii formal 

N.drllCN K'srluhl.mcc, MlM llko (IlC Otllcl's, it iMll fuilctlOIl 

.IS .1 rciN.d.sil (lenient 'Fin* se-.pii oxide of hoioii, how- 
e\ei, ,ippt.ii> to lescinlde tin* sc s<pn oxides ol aliiniiniLim, 

' ".dlinm, and indmiii in la nii: ainpholei le hoioii also 
reseinhl’c's tin iiietaU of .Snl.-ioup III H m foinnn-ralkyl 
■ denvati\es' \pait Innn the \.ilen«x dilleienee, tlieiG IH 
! eonsideiahh ehenneal sinnlaiit \ hetweem lioionand e.iihon, 
,iiid even nioie between hoioii .md silicon 
'llie ineUls of the even, liK. tho-e of llie odd, suhi;ioup mo tervaloiit, 
and hence e<)iU'>pondin^' cnini.oimds ol all these . leinenls have similar 
forinul.e. Tho sn.iilaritx, liovvevei, M-ldoni extends to the waU'i of n vslallisa- 
tioii in the ease of salts, and, exee[il in the ea^'s ol the elliylsiilphalc'S and 

1 Oii'm.mut.dlic ('oii.|...umls c.l .dumiamiii, ni.hmn ( I hal and 
Chnn , jyiO. 66, 2^^), and Uulhimi an- known, but nu iitn'ini.t', have liron iiia-lu to i)iO(lurc 
galhuiii coiiipounJs ol tins typn 
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ALUMINIUM AND ITS CONUENEHS 


acotyl.'icctonjitos of Hciinrliiiin luul itidnini,^ o(niijK)im(ls of lljc ('loiiit'uts of 
the ovoii hiiL^KJup Aio not known to bi* isoinoi [jlioiis with tljoho of tlic 
cleiiR'iits of till' (kM siil)^roii{) Tims, m the Mil):riou{) double sulpliiites 
w'lth tho !ilk:ili hiilphiitrs are known, but tln‘y aie not oi tlie alum typo, 
MjSOj by aluniimmn, ‘;.illiiiiii, indium, and ])ossd)ly 

by tlialliiim 

The h\dro\ido.s in Sub^iouj) III A ai(‘mu(h shontrer bases than those 
in Sub^rou[)lll li With the i‘\et‘ptioii of lhallie h\dio\nle, the latUu aie 
ainphoteiie In Sub^oou}) 111 A th(‘ anh\dious ehloiides, luomides, and 
iodides aie only slightly volatile at a led heat, in SubLjioup III li they 
are leadily volatile Oi^anomet.illie compounds aie not known in Siibiiiimj) 
III A, but they ai(‘ in Siibi^ioup III H In fact, in tlnsr and olln-i 
charactei isties, the odd and men sub<^iou[)s of (Iiouj) IirTirT* ry^'^nlar 
to the eoiiespondini^ suliL^ioups ol (Jn»u]) 11 

In vaiioiis le.sjK'ets scandium dilleis ronsi(h‘i.ibl\ liom \ltiiiim and 
lanthanum- The latlci, howmei, exhibit a\(‘i\ «‘lo'.(* ( iu'inical K'si'mbkniee 
Mnieoxer, they aie \eivsiniilai in ('liemn.d behaxmni to the laii' iMith 
('leinents, with which tlic\ ai(‘ ^eneiall\ clasMsI. The ^naicial I'hemical 
ehaiacteiistics of xttiium and lanthanum aie Ihciefon* diMuisscd latm when 
de.ilni;; whli the lan* (xirtli (dements'* 

A iiUMibei of jiliNsical jnopertics of the met.ds of Siib^ooiip III !> aie 
^iveii ill the accompanyiiu' tabU', the data loi bourn bcini^ also LM\en loi 
purposes of coin[)aiison It will be noticed that the oidm ol atomic* weiuhls 
IS not the Olden of th<' iindtin^ points, aiwl th.it aluminium is anom.doiis in 
that it IS jiaiaiii.t^^netie. 



1 H 

A 1 

C.i 

1 

In 

, '11 

Atoniu* weij'lit 

' 110 

27 1 

li'i *» 

111.'' 

201 0 

Doiisily 

2 .51 

2 70 

fi Of, 

7 2 S 

1 1 1 

Atciiiiic xoliimc 

' 4 72 

10 e.-t 

11 7 ; 

I'l 77 

17 21 

Molling-ponit 

r JJOU* 

I 5:.8 

.",0 2“ 

If.f. 

j .Iii2’ 

H(iihn^-]i(iint 

' 

f I800’ 

'' 

’ 

, 1.100 iTfiJO' 

Liltoilt llC.ll (il llMiill (i.lls ^ 

lici gnim) 1 

SpiM-ilu- liral . 1 i 


70 s() 

10 1 

> 

7 2 

0 .'f'liti 

0 21 s 

0 07 a 

0 0 .70 

0 n 3 '(5 

; (11 pin , 

(0 100 1 

M 2 2'5 1 

1 Pi Inn 

2i n-O) 

At'iinic lic'.il 

.5 57 

f. "1 

fi .“•2 

1 1. .M 

1) o:» 

CocUicu'iiL nf l■\|l.^lslllll lu 

? 

2 It 



14 

Atoinii lefiailimi^ 

r, j 

i> :i 

11.'' 

1 17 4 

21 (i 

Miigmtio siis( cjililiilih '' ]ii-i 

gi.'Uii > 10'’ 

[ 0 (i.'i 

1 fl li 

0 2.3 ! 

0 1 

' 0 22 

Mcilcriilc, in \ai)oni 

2 


1 

! '' 

1 ’*1 

,, in llg snliihon 


1 Al. 

(..1 ; 

: In 

1 

,, 111 Sii siiluLiun 


i i 


ll'J 

1 ” 


'Jdie line spectia of aluminium, j;.dlmm, indium, .ind thallium icsemblc 
one anotl^ei ni eontamni^ doublet senes of the [nnicipal, dilliise, and sh.ii[) 

* .r.n'^1‘1 /'/(jc* K .t/iiiii n'l ti 7i'>' /i Ains'i nhnu , V'l 1, l6, ica'fi, A’" hut' ihiin , ItHl, 
33, :} 4 ‘J ' Sim- Uliaptei L\. b ‘ Si‘«' < 'Iciplc'l \ 

** (il.iiNL')iic iiiid U.iIi'm till mull, 11 , line 

“ Si’i* Owen, I’nn K Ahnd ft cfcnnh Jmsf> iilfim, lall, 14 , Go7 , Ana J‘lii/sikf 
1912, [n.], 37 , 1)57. v 
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t\|)ns‘ Tho Fhfiip Hcncs aro llio best kno\Mi of Kacli may bt* 

icpiTsontocl })y ;i llick^ oipialioii — 

Si })i ) = Sx - 1 0‘.)f)7 .”) ( m + /X + (I'm )-. 

Tlic ■s-ilii-'s of llu' (‘onslanl^ .in* as lollows - 
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Ucic r ill nolc'i 1 lie iloiibict '•< |M I .it lull, HI , in ullii'i w •») (1\ 1 hi’ iiiuiilii'i to .‘1(1*1 
to S, /. to olit.iiii S , /. It n oli\ loll^ I b.it tin* \abu‘s of tin* doiibli*! sc|)!ii!i- 
tii'M'. I ,iu‘ ioiiliIiIn j'loportion.il to tin* .s(|iiai(*s of tin* atoinu* \\mu:1i1s \V. 
TIm’\ ill*', liowcM'i, iiiucli iium* 

MiMiIn 111 .Id 01(1, UK (' Willi IJiiii;:** 

.111*1 I*l((lll'i l.iw ■ til. it till* loLMl ' y/fl 

llllIll^ ol V .111* ]>lO|)Ol I Klll.ll to 111** 'y/ 

1(»LM1 lllllM-' ol \\ 'llu* icl.lll*)!! X 

slllp show 11 I^U.lpllK .lllv III I ^ 

It i> (tl iiili'M^t t*i note tli.it tin* ^ 20 / ^ 

liru‘ .'■pc* ti.i *)l St .iikIiiiiii, } ttmmi, « / 

aiid l.uil li.uiiiiii .iK*) foiit.iiii *louli- o X 

let scii*'s of tlicsli.iip and diflusi* ^ ^Ga 

t\ pi's * H 

Muiiiiniiuii .and ^Mllinni c*)!!! y' 

lioiind" imp, lit no coloiu t*i tin* p 
r)iiii-«,*‘ii ll.iiiu* , tin* sp.iik siit'clinin 5 X 

ol ^.lllllllll IS, llOWCM'l, M'l\ s**idl 

1i\*' IikIiiiiii .111*1 Its ( *nni)*»uniU ^ 

coloMi tli(> llaiiit* *l:iik blue, 20 30 ^ 

tll.llllillll .llld Us (..nip*.nn*U a '^Logar.thm of do^lcXscparsUon. 

Ill li;l)t L;l*’i‘n . t lie II.Uik •>. ‘'Iniw 

well (IcIiihmI .'.licet i.i ^ ^ K* l.ili"ii‘.lii|i lidw. . ii sj.i iMm .uni .iluiiiic 

ri'i 1.1 4.1 I * IKI*!'* **1 ^ '.l. Ill, I I 

1 lie I'lci 1 lode j)ot iMil l.ils ol ^ ? » > 

.iluiniiiiiiiii, i:.dliinii, iinliiiiii, an<l I li.illiiiio .DC n*)l known with niiK'ii .accniacy, 
but .iliiiiiiiiiiiiii is til** ino^t I'Ici t i*)|»o'>ili\(* *»1 tlic-M* *'l**nicnt'> d’lic niot.iks 
alimiiniiim, i^.dMiini, an*] iikIiiiiii p.'i'.s nit*) s*i1iiti*>n in *lilnti.* mincial acids as 
tci \.il*'nt mils \1 ,(J,i , .iinl In hut tli.illmm Melds tlic nni\.d*jnl ion 'I’l'. 

'I’hc cliloi ides ol till’ iiK't.d' ol ^iiliuMaip 1 1 1 l> .ilc .is follows — 

AK’l. (k‘i(’l, Int’l. TKd. 

(kit’l, InCl, 'I’lClj 

Int’f Tl,(’l. • 


’ Kill .1 'Imi I .!( I .illiit itf M I**. Inn'S Ml -.III iti.i. sen V.»l 1 liMlii-. si-i ins 
" Oil tin ( IK s Inn s 111 tin spHti.inl .\ 1 , * ..i. In, ' 1 1, sec J In ks J'hil 7'/'oo , l‘H l!, A, 
212 , 3.3 , 1‘J13, A, 213 , 3J.! , r.i-chm uinl Mcis'.nei, Avn. I'lnistk. li)! 1 , [n ], 43 , 12‘23 
Sec Watts, r/iil. Mwf , 1900, [vi ]. 8 , ‘279 ' ' Tlicks, An. cil 
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ALUMINIUM AND ITS CONGENERS. 


The ability of the metals to form chlorides increases with increase of atomic 
weight It IS interesting to obser\e tliat whcieas dry hydiogen cliloride 
reacts with heated :diiminiuni and gallinm to give AICI 3 and (JaCJg, it }je]ds 
JnCl.^ and ^ri( d with indnini and thallium lespectively. 1’he Liichloridcs aic 
liygroseopie solids ol low meltnig-juunt and \ol.itilise at comparatnely low 
tempeiatiiies. 'I’liev aie accoidmgly inti'rmediate between the less \olatile 
dichloiides of the iiK'tals of Snbgioup II H and the moie \olatile tetra- 
chloiides of the rlenu'iils of SnbgMiup IV' I> The stalnlities of the tii- 
chlorides dimmish in the older \I, <Ia, In, Tl. Alnminiiim ihloiule is stable 
at a blight n-d hi'at , gallium tinddMuile begins to dissociate at r. I 0 t)()“, 
and indium tiieliloiide at. a lallun lowei tempeiatme , while thalliiiiii tri- 
chloiide ilissoeiates at tempi'i.itnu's bc'low 'I'lic binmides of the 

metals of Siibgioii]) HI. I> chi'scly lescmble the ehloiides 

Kaeli of the metals nnd(‘i diNciisMon foims a sc.^pii o\ide 'I'ln' stabilities 
of the scsipii-oMdi'^ (limimsli in the oidei of ineieasmg alomn weights of the 
metals 'rims, buliogeii at a lumbt led heat h.is noaelion on .ilnmina, but 
reduces gallium si'sfpii o\ide to the metal, the ietliieli<»n of indnim si >. 11111 - 
o\ide i.s easier to aceompl!>.h, .ind lh(‘ leduetion of th.dlic o\ide still easim 
Moreovei, the last named s(»..[ni oxide los(‘S oxyg(‘n when luMted, passing into 
lhallous o\id<' 

Th(‘ hydroxides, M(()||),, are feidile base's, piaclieally nisolublo in walei 
It IS ditlieult to Siiy delmit<'l\ what is the oideT of thi'ii lelatue stieiigths, 
but g<illium h^dioxide is un<louht('dly a weaker base than the hulioxides of 
aluminium and indium. With the exception of the thallie e<ini}M)iinil, the 
hx (li oxides aie also n‘('ble acnK lleie, ag.iin, gallium apjie.usto be anomaloiiN, 
in th.it its h\droxi(l(' is a sliongc] aeul than tin' hxdioxides ol aluminium and 
indium ^ 

'riie soluble salts of .ilumininm, gallium, indium, an<l thallium,- being 
salts deiiM'd fiom weak bases, ai(' bxdiolxsed appieeiably in aipii'ous solution 
atthi' oidiiiaiv l<‘mpei.ituie, and the degiei'of hxdiolysis ihchmsi's with ii.sc' 
of tempi'iatiin'. .Noimal s.ilts of xeiy weak acids, cy caibonu' acid, cannot 
be piepaied 

The ses(pn-.sulptndes, are of interest Aluminium sulphide is 

completely hydiolx.sed by w<Uei Hallmin sulphide can be piecipit.ited fioni 
gallium salts in ai etic ai id 01 ammoni.ical solution, but only in the pre.si'iiee 
of anothei sulphide Indium sulphuh* can be precipitated even m the 
presence ol miiieial acids pioxided th.it the concentiation of aeul is \eiy 
small 1 '’iim 11 \, thallic sulphide i-annot be obt. lined by <louble decomposition 
in a<jui'oiis soliilioii since it is leadily ie<luced to thallous sul[)hide 

The double sulphates ol tin' type M ISO, .My'(SH^), ‘J 1 H jO, wheie M' - Na, 
K, Ub, Cs, \I1,, 01 'ri, and M'" Al, (Ja, In, or 'J’l, aie known as alums, and 
form a gioup of isomorphous salts Lithium alums aie not known with 
certainty,' although fiom the natuie of tlie kiiowm soilium alums it is reason- 
able to snpjiose tbal htliium alums 'might exist at teiupeiatuies below the 
ordinary, sax 0 (' The so<lium and potassium indium alums aie not known. 
The only th.illie alijm known is the ammonium salt, and tli.it has only been 
obtained 'as mixed ci xstals in association with llie alumnnnin salt Thus, 
as the atomic weights increase, tlie metals of the odd snbgioiip form alums 
xvitb increasing ditlieiilty. ^ 

* Locoi] dc Uoisbdiiclun , sop “ (.Hllimn ” 111 Wuvtz, Diduninanc tic rhimu, Snpph'mcnt^ 
p. 859. Tlulhc aultb are uiidui stood lu-ic. ^ See |). 82. 
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Tn addition to the uliinis, double Miljdiatcs of tho t^i’.o M Soj Mj"(S() 4 ) 3 . 
Hir.O aic kiKJwn. The followini: h;ue been ])H jKiied - 

Ayso.b rNII,) so, Mr.O In rso;-. (\1I,' so, mi O TI .SOJ^ (NH,^ so, SlI/J ' 

Al.'SU,! Kso/sllii ■ In' so,. Ni so, sil o Tl ''O,), K SO, 81 1 .0 ‘ 

Ip. K.SO, n|| o TI.SO,' K1.,<0, 811,0 

^^ltb s.ilK lb(' ‘^ 1 , *1111111 \ uilb iih“H‘.i''e iii aloiiiic mpil'IiI rjf lb(‘ 

tpn.ili'iil iiK'l.il ]ii("-i-iit 'I lie .iliMiiiuiuiii sall.^, for iii‘'laii(e, aie iin( slabli. 
in eiiiilaet with aqiieou^^ ^(ilutmns In the east* of the nKlnnii .niiMioiiitnii !*alt 
it IS known that tin' n'\ ei ‘^ible < baiiL'o 

In.tSO,), (NII,),S(), l>ni^(k - -In, (SO,), (MI,), SO, S||,0-f- If, 11,0 

ocenis, the liaiiMlion [loinl hi'in^ .‘WJ (' It is Iheieton' \(‘i\ piob.ihli' that 
Ibe sodniiii .nnl pol.is.Muni nnliinn alums I'ould lx* |ii(‘)iaied at low l(‘m|)ei.ituies. 
The oct.ih\ (bates an* of intiiesl ow iipj: to tin* lai t th.it se\eial sulphates of 
rai o e.ii tb elements loi m doiibh* s.ibs of t h< ime I \ pe 

Tb(‘ .iliinis alloid instances of isdinoi phism hctWKMi eompotiinls of 
aluminmm, u<iihum, mibum, and thallium !'( w otlui ca'( s an* known 
Till' two follow iiiL^ is(»moi pbous scin's hao‘, howe\(‘i, laeii (‘\amin(d in 
detail 

1 Th(' dilel I I'ional bipMamidal s(M les, I! M\, L’11,0 

K.TIOl, 211,0 KjInCl, Jll.O 

(NI1,).T1('1.“ JM.O K lnlb| 211,0 

Kh Tll’b,. 2N.O 

2 'I li(‘ 1 lidiiihie liip\ 1 amakd SCI 1! M \ 1 1 ,0 

Ith.TK'l 11,0 (’s.TKd 11,0 {Ml,),ln('l. 11,0 

IliriiiOl’ 11,0 ('sdnCldl.O (Ml,)"lnlb, iT.O 

Khjnra'- ir,0 (’s.liilb’. 11,0 

The isniiioi phisiii between the double ehloii'les and biomnhs of 1(1 valent 
indium and thallium is valuable evah m e in favoui ol elassifsnii: (liise two 
metals to^etla i in tin* same natuial lamilv 

liittli' IS known ot the compounds ol bivalent ealbum dhi* iialogcn 

com[)ounds, however, like tho hali(l<*s ol univabiit and biv.di nt indium, 

appr'.'ii to possi'vs tow of t lu’ inojK 1 lies of sails rmvaleiit ih.dliiim, on tbo 
otliei hand, foims a well delined spues ol st.d'le sdls, while the compounds 

of tei valent thallium aie ill ch lim d and iinstabh* In this and in otlu i ways 

thallium dill CIS fiom the othei membeis ol SubiiKUip III. I», the pe( iiliai itn's 
ol t bis element, howevei, will be diM i|s-e(l l.itei ’ 

* '1 lie eoi U spoinluiL' ili.ul>l( M ’( ICltc Is abii KlliiV\ II 

* Wjill.K I , /fit-ih kii/'-t Mni , 117 

Sec ( hiijili'i \ 111. 
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BORON. 

Syiiilxil, U Atoinu wpiulil, 110 (0=10), 

Occurrence — Ilmon is widiOy ilistnhutcsl in inilmi', ImiI it lu'scr occurs 
in the iroc st.itc It is pioscnt in niiniitc .iniounts in so:i\\;itci' Jiml 
iniiu'iiil watois,- an(lis\\ulel\ (lillii‘'f(l in the \circtal»lt‘ Knmduin , 'MIk' . isln ^ of 
iieaily .ill fiiiits cont-iin small quantities of lnuon, wliidi is accoidiniilv loiind 
in \Mnes. Jloion has lasm detei led in the oiirans and tls^ues ol \aiious 
animals*^ It is also a eonslituent of ooitain niinei.ds, of whiAx (<nfnn>tfiitf', 
danhinite^ and (i.mute may he mentioned 

Small triulinie eiNstals of hone acid an* oecasionall\ found m natni'', 
being known .as sa^aolift lione acid is also jni'senl in the jets of steam that 
issue fioni tin* iMith lu C(‘rt<uii voleann* legions, an<l which aio eallisl snOinin 
in Tuscany Salts of hone acid occui in \anous [nils ol the globe, not iltl\ 
in the (Ircat llasin icgion of the westeni I'nitrd Stall's, in I 'lull and hem, at 
Stassfuit in (Icnnanv, in \sia Minoi, and in Tilx't 'I'Ik' mosi impoit.mt 
deposits are in tin' I’nitcd States, wheic, altei hoxn h.id h»-en loiiiid in the 
water of Clear Lake', Califonna, \ast siiifaie dejjosits ol hmax wen- found in 
the deseit marshes of Caliloinia and Ne\ada In IMIO, large deposits of 
coleinnmte weri' discoveied, emhetldeii in oki teitiaiy sediimaits 

Mineral j\a,h>,th 1011,0, foims niono<*lniic piisnis of densitv 1 7 

and hardness '2 to ‘J n It was ongin.dly ohlaiiM‘d fiom a salt l.iKi' in Tibet 
and sent to I'aiiopo under the nami' ot Intinl 

ColemamtP lniKitv sjut)) \-> a hnliated calcium hoi.ile of ihe foimula 
Ca.,B, 0,^,5! l.,0. In appeaiaiueit lesemhles eales[»,ii , li.udmss, ,‘) o lo 1 o. 
density, 1 ^rwoothei \anetie.s of ealeium hoiate ate also Umnd jmrntt [yn 
hpchihte) and ptiw/i i niitr Ihiceite occurs in the 1 nitcd Stales in ('oiinty 
Oregon, and is a line, wliite, soft, chalky mini'ial Panih'imiti' oiTuis m an 
onoinions bed of g\ psum eo\eied with scveial feet (»f el.i}, m \sia Mmoi, 
just Bouth of the Sea of Maimoia. It is expoited fiom the poll of handomia. 
In appe.arance, pandeimiti' closely lesemhles a line giaiin'd whiti' m.iihle 


1 NolIiH'i,./ ]iraU Chnn , 1S67, 102 , ll)3, Dieukifait, Ann Chnn /Vo/s, lS77,f\ ], 
12 , :n 8 , Cowpt irnd . 1881, 93 , 2 J 1 , 188 ‘J, 94 , l.'lfjg 

“ Gooeli iimnVliitlu'ld, y/a// /'.S' OW .s'a/ oy, 1888, N<» 47 , Kiia^cs Di.icuii !iinl ImIjic, 
Cumpt. rrmt , ltM4, 158 , ir>ll 

“ Ja\, Compt. lend, 1895, I 2 I, 896, I'on haminei , Vhil Tmns , 1815 ."), 155 , ‘.!03 , 
Craiiipton, lin , 18s9, 22 . 1072, lUiimcit, Bet,, 18SK, 21 , 3290, B.chi, Bidl. Sf>< i/nm , 
1890, [nil, 3 , 122; UoUn, C/um. .S',« Ahst , 1890, p 13^18, I’.ussiMini, dud, lSf3,_u. 
p, 225 ; von Lippiiiaim, Ch*'m Zed , 19o2, 26 , 40.5, (iuzvfht, ll'Os, 36 , 11 575 , 

Dugast, Compt. tend., 1910, 150 , 838; BeitaiiichaiiJ and Diigait, Ann. Chun. Anal., 
1910, IS, 179. *• ^ _ 

■ * Jay, loc. cit.\ lioitrand and Agullion, Coinpt tend , 1912, 155 , 218 , 1913, 156 , <32. 
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rh\ntf {horovtit) mah'tfe, (t o, or is a sodiuiiH’iilcMmi Iwn.ili', 

Nj .l»,< ). (’a ,r,()| I Hiil.O, wliiili (Id ins 111 coiiskIcisiIiIi i|ii.iiiLit K’s in IN'iii 
aiul ( 'lull ll.niliH N>, 1 , (li‘ii‘'il\, I (iri It is roiimi .is \ (' 11 o\msIi w liilc iioilnlcs, 
oltrii ( IK iii'tdl witli '(ifliuiii snljili.ili' Mini rliloinlc 

Iliiianfi'ln] ^lif\\in/fifi‘), JM'j , is .dloiililc lioi .il «* jiinl < lilondi' 

of iii.liilicsiliiii It ( 1 \ " 111 tin* let i.iIkmIi.iI t l.is*. of 1 he H'Liiil.ii .s\ sli'iii , 

li.iiiliicss, 7 , (Ii‘ii''i( \ , .‘i (t. lloMiili'is loiiiid .it .'>t.i''''liii I (‘iiiImmIiImI in the 
hnnut* (IcjiD'-ils ‘ 

History.— lioi.i\ li. IS lii'Kii known 111 (‘oiiiincicc foi iii.iii\ d-iilniKs TIu' 
n.uiiK odiiis in llic wiitiMiis o| (l»‘lii-i .ind ollin .ili lirnn‘'t'', lull it is 
(lillicnll to ^.i\ wli'-tlici I 1 k‘\ ifli‘1 ti) llin lioi.ix of to (l;i\ In ITitJ I loiiiln'i ’ 
]iii|i.ii(il lioiii .Kid lioin lioi.ix, and (.illid it n'i/ ^nhifu mu IciiKiv, in 
17 JS, ''liowi'd ill. it 'v.il '^fd.it i\ nm (onld 1 m‘ olit.iiiK-d li\ .iddni': an\ iiini(.‘i.il 
:k id to lioi.i\ , .ind 1 ‘i.iion, in 1717 ,' di'«di\cii'd tli.it lioi.ix w.is dunjuisril 
o|sd ''I d it iv imi and ''od i \\ itli tin' •"si.dilislinn id of l,,iMii'«ii‘i s s\st«'iiiof 
noiiK’iK'l.d 111 ( . till' n.inic .''.d s(d,di\inii l:.i\(‘ jiknc to hunuu' (nnl, .ind tin* 
.Kid w.d IooKmI iijiiin .!'« tin* o\idi* ol .III nnknown (‘loincnt '1 Iiin i Iciiinid, 
lioioii, w.i> I'ol. ill'll 111 an niijiiiii' '•t.dc in l.'^"-'' li\ <ki\ Lii''^.ir .iiid Tlicnaid, 
. 111(1 lis 1 1 I h\ \ 

Preparation. Tlu‘ lollownn: nK‘lllod^ Imnc lid'll j)io|ioNid for llu‘ 

l^ol.U loll of lioioii 

(i ) lloiliK't loll of lioioii M'-tjiii o\id»‘ With iiol.i'.snini, ’ sodnnii," iii.i'jm .siiini," 
or .ilnnnninni ViioiduK^ to Woldci .ind |)i‘\illi*, In p.iilsol Imion s("'i]in 
o\id('.iii’ iiiiM d with (> ji.iits ol 'sodiiini, (■o\('idl with o ji.iit^of '‘odiniii i hloiidc, 
and 1 k'. ill'll to M'diK'S'. 'I li<‘ iii.'iL'iK siniii |iio('i'vs is di'‘('iivs(>d l.dri 
(II ) I'.h I 1 1 111 \ Sis ol Ills! d hoi oil ‘I s,jiii o\id(‘ ' Ol hoi.is 
(ill ) III dill lion ol lioion 1 1 illiioi ido |i\ nn .nis ol in'.iti'd pot.issnmi " 

(i\ ) I\m 1 ik t loll ol [)ot issiinn lioiollnoi id(' hy iikmiis ol hcati'd |»o|.issiiiin *“ 
Ol in.iiiiK'-'iiiiii ' ■ 

(\ ) III dm lion ot Itoiav l»\ h('.ili'd iiiaLrni'sinin " oi icd |ihosphoi ns 

' Koi Imll'ii Mili'nii.il mil miii'i i niKif tin imuiiuki' it Iido ii, '•m* M<iii 11 , 77 /f Ai»u- 
MifiiHh Mtihnil-^, ‘Jml 111 iWiliN Si'iis. I'dK , p ‘j.'.i ill |..uni.i\, ih 

.1 M'l' I’lii', 101 ’., \*-l 1 1* '•’! , iMiiiiiiil ./ /'i’ll hi,/ f’lit'iii , T'lii, 2, .'lOO , 

\\ .mil w 1 1'.'l'l J'liiii .1/(0 . (/« '< / a »! Mm s,,, , I'ki'i, 31, kii , KiuIhiI (',,111 /ndi , 

1^110,1 |i I'n' , liiii ki', ^ ' ///< 1 / « , l''ln, ]i .'It; I mi Min ^ , d' 1 0 , 88, 

“ Hnllllii !£'. l/< V\ hit,/ ,s. / , I I ll ’ |i ! 

' Iji III! I v 1 /' ,'i -ll lit/ ''I i , 1 7 I' -7 > 

* M,in h't'/ s' I .sio iti , 17 '-" I t."''i, lt 7 

(I IV Ii'i’ K* .Old 1 111 ii.iiil 1/ /'• 4I , It' ll, 1 '"'', 30 - 1 ,11111 f'/iiiii /Vo/N. , 1 POO, 69 i 

■jm . /,• , iijilnil'i • Viil 1 |i ‘J 7 (» 

’’ Wi'lil'i .111-1 liixilii, Ann I /'iin I'/ii/s , 1 '','-*^ |iii 1 , 52, '» • i Annn/iii, l.S.'i?, lOI, 
11.':, "17 , is -s 105, 07 

7 l’lii].M,ii /;, „ s.« , 1 1.1,13 J 17 . V .limi's, 7 ’oo/s’ -s'-r . 1 S 7 ", 35, -lU , 

Wiiildii, ; . 1 """ 23 i 7 J M--I III I 'll" inim , \\ 1 nili.oili, r/--''’ i -ok , Kiv, Tmns 
i'hun Sii, , rn t, 105, di.i 

I'l.oiik /'i' , 22, ‘-'.‘"i , (m.IiIm limnll, /< d-. /i E1>'1 hucht nl , l'‘ti''<, 4 i H'l . 

W i-sliiii .Old Kill '/'nfii't Fill III/, ty So, dt"-', 3, 170 
■' II I).iN\ I’m/ Tiii'i', , IS"*', 99, Tn 

H.iniiM', ru,,a y. f , 12, sji , Si.ilili I .Old Kll-iil, /?</ , 46, ‘JOOO ; 

/''t liilli' I I.II till 11111, (/'-'A , lid 1,2, 51 . 

" ll.iwom, A-id, 18SS 58, LS5 

15 ri/i Ini'-, l'oij,i fnii’iimi, isjl,2, ll'J 
'' 1 Ji ntln 1 , ./i(/o ' / , ImJ'i, p l-t'» 

" (Jiilli-nii.om, i:,i , l.ssii, 22, 11'.', M.omIi, ( hnn Ztnti , 18 ^ 9 , n p I'Dr. , Ruy, 

m/t' i,iifiiu , 

Diiim'iidoi ll, Chi III /en/i , l.''i»l, [». Mi.l. 
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(vi.) llodiicLioii of })oroii trichloiidc l)y TiiOiniR of liydro^cn ^ 

(vii.) licdiictioii of the (»\hIl‘, hiotnido, r)i iiiliide of hoi on hy with 

metallic (‘iilcniiii - 

(viii ) Dissociation of inairncsiuin hoiide, “hoKni siihoxidi',” iind horoii 
nitride in vat no at Iwili IcmjuMal iiics ( loOO'' and ahoxc) 

I’lirc boron \v’jis Inst idil.nncil in by Wcinliaiib ‘ Piesioiis tf) tins, 

Moissan clainu'd to ba\i‘ [ncpaKsl boion contaiinni; not mnic Ilian li pi-r 
cent of nnpnrities ‘ \ccoidinir to Moissan, tin* oaily piocj'-scs di'sciilird 
by (liiy-laiss.u: aiifl 'riionaid, I*.ci/clins, and Wolih'r .ind hc\illc, li-ad lo 
products wliicli, after jairilication by beatiiif^ with wutiT .ind bydiocliloi le 
acid, only contain 10 to 70 pei cmt of boion 

Accoidiii'' to the molhod aflopled m its piepaialion, piiu' lioion may bi' 
obtained oitln'i in small criains Immii*; a snb melallh* appiMiancu or in the 
massive form, tlu' lumps <‘\liil»ilmi^ a eonelimdal fi.utiin' It is \eiy ])i<»b- 
ablo, but not certain, that in <'<u b of tli(‘s(‘ loims boion i', ciystallmc Tlie 
ao-callcd crvstalliiu‘ vai ictu's of boion dcsciilud li\ Ibccailu'i (liemists aie, 
however, boiides of aluminium ‘ 

Moissan, who eousidcied lliat be bail jiK'paicd ncaily puic bmon, 
desciibi'd it as an .imnrjilious, blown powdei, and mov| of tin* iMilu'i 
invest ii;a tors (les<'iilie(l it in simil.ii tcims 'I’hc icsimkIcs ol Wcmliaub 
and of Kay lia\i‘ shown, liowe\ci, (bat bourn obtained by Moi',san’s rnelhod 
contains sevmal pin eciit of owi^eii and that under <<'ilaiii (ondilions tlu* 
oxyj^nMi content max kvk h as mucli as lb pei cent In f.ict, tin' ii‘(Iuction 
of excess of ('ither bfuou s(‘S(pii-o\ide oi boia\ with a "Uitable m((allic 
rcducmcf a^ent alwaxs leads to the ]noduction of an amoiphous, Inown 
powder eontainimj; ovxium'’ \V<‘inti.inb icnus jo such a j)io(ju(t as /idiou 
iuhojride , it IS most ])iobably a solnl solution ol an oxide ol Ixnon, possiblx 
in boron" Thi'- socalh'd amoiphous boion i" lapidly tonxeiti'd into 
bone acid when neiilly x\aim(‘d with 10 pei cent nitiic acid I ndei 
such treatment puic' boion is liaidlx .ittaiKcd The small pio])oilion ol pine 
boion usually ])iesenl in Ihe amoiplioiis |)ioduct can theic-loie be' icsidily 
isolated 

The practical methods foi obtainmi; juiie, oi neailypuie boion, are as 
folloxvs — 

1 Reiitu'iion at Hunni Tnllnmnle -- The lliioi ide, eenei.ited in a lead or 
])latiiiuni app.iiatns to exclude* silicon lliioiidc*, and fiee fiom hxiliouen 
lluoiidc, IS led oxei sodium healed in .i haul ula s tubi' to the lowest 
temperature at which ledmlioncan be ePected 'riie pioduct is extiiclcd 


* Wpintiaul), 'iidc infia , I’lni}; and Fii'Miiif', 'inlt' inhn , and l'oiniiic,‘i, 

vide infia. 

* Moissan, Ann Cinm /Vo/f , 1899 [\ii ], l 8 , Uf'O , 1 h»x\l-\ci, Stnokaiif] Hollo, 7 Aj., 

1908, 41 , ‘2095 

3 WeiTiinuil) Tiit)}<i. Aun’i Kleclrmhm A'cr , TOO'i, 16 , lOri , ,/ Ind Fnn r/o’ia , 191 1, 
3 , 299, lOl'b 5. IOC), I' S A, 7’nf , 997,879; 997.880, 997,881, 997,8s2 . 1,019 1194, 
1,019,569 ; Ung M,, 21,»’.67, 23,331, 2.5,978 (1906), 1197 (1907), 2.5,033 (1910), 7103 
(1911). 

* Moissan, Compt, n'nd.^ 1892, 114 , 319, 392 , Ann. Chun ]‘hys , 1895, [xii ], 6 , 296, 
see also Ihnctdii Jassmiiicix, dud , 1909, fxaii ], 17 , 145 

» See p. 97. 

* The pioduct obtained by the electiolysib ol fused boiax aKo appeals to bp anioiphuus 
and to contain a consideiable quantity of oxygen. 

’ Kiiy, iide supra. 
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with water and liydroeliloiio acul in a platinum dish, wlitm lunon is Ifft as 
a blown powdcn* ^ 

\ iiioiv con\eniont ])r()iTss l■(»nsl^ts in siil)stitiitini: piilassmui lujiolliiniide 
fui 1)01011 tiilluoii'lo of tlir potas'^iiiin •'.ill i*' iiiixrd \m1Ii sttiliiini in 

aciiinlile liiird with iii.mtu ''i.i, .md hi'.iti’d 1<» irdnc*") in a i.ipul slioain of 
diy li\ di oi;('n. Tlie boion !>. isiil.ili'fl ,i'>» lu‘loi«' 

‘J /inhirtnjii nt Ihnon St m nh u'llli Mtt'fH' sunn innl hn the t Ixtifiirhou 
qt the SuhtKXKit'" iif>f,uintl l•’i^ll\ i-xpriinn'iilrih iiM'd l<>i tins jiiiiposc ‘2 
paits of oxide to 1 of iiu't.il, tlic kmcIumi ln“inir <siiivid«‘H'd to ho as follows — 

i _»r. 

Moissan incrcasi'd the amount of o\i<l(“ to .'> p.iits, t]i<‘iol)\ Ivorpiinx the 
“amoi pilous boion” piodiiccd ‘-u'-pmdo*! in a \i‘i\ ilual mass of lioron 
Bt's<]ni-o\id(‘ and awa\ fiom tlio .ni Hi-. im*iho)l is as follows • - 

Iloiun sosijui o\iil(‘ (JU) jriams), Inc liom soiliuin, laliiiiin, anil silicon 
compounds and loccntly fu'-cd and powdoii'd, is niixrd in an cai I licnware 
cniciblo w itli magnesium tin niims (7o ^lams) fico fioni non and silicon 'riu' 
ciucililc IS coNCK'd and ])1.icim1 in a tmnaco alicaih at a bimht led lu'at 
W'lthin ii\c ininuti-s, ji Molcnt i« artioii takes j)la(c Tim mass is hi- itnl foi 
aiiotlmr ten minutes, then (ooled and ienio\eil liom theeiueibh' l-Ateinilly 
the leaeiioii jiiodiiet IS bla( k inteinalh it ha>. a maioon eoloiii, t ia\eiscd in 
all dlici/tioiis by while ei\slalsol miirmsiiim boi.iti* 'I he black oiitei la\(‘is 
aie leinoNcd and lejeiti'd The k - idiie is powdeii d and bi»ihd with a larum 
ipiantity of dilute huhoehlorn acid It is then healed with pun- hydio- 
chlorie ,ieid at tlu* boilint; point ol tin' lattei foi two houis, a pioii-diiie that 
IS lepeated six times d hi' solid lesidiu- is washed with watei, hi aled with 
boiling 10 per cent ah oholie pitt.i-h, and ae.iin washcii withwatii I'lnall} 
it IS b(‘al('d in a pl.dmum disli foi loin houis with oO pei cent h\diolluoiie 
acid, w.ished with watei, and diied, Inst on .1 poioiis ]»late and then m a 
vacuum ovei jihosphoiie .inhxdiide The piodml ( out. nils to tM) pei cent. 
1)01011 and L’ to 1 j)ei < ent m.ezne-nim f\\ emtiaub), the pTiei'dimi tu'.'ilineiit 
havinii sei \ed to fii-eit almost eomplelelv fiom boion sesipn-oxidc, nia}^ni'snim 
borate, boion niliide, and sila i d'o eliminate the lemaimnu m.iunesium,'* 
the boion is mixed intimateh with lill\ times its wi njlil of boion se-Mpn oxide, 
intiodiKed between twoki^us ol tin* oxide in a laiuc eaitheii eiueibh* and 
heated to blieht ledness The pioduit, when cold, is neated b\ th(‘ ])iocesa 
ahcailx dcseiibeil In thismannei it is possible toobtaina blown, amorphoii.s 
powdei contaiiiinu only d 1 pei cent ol magnesium It is ad\ anta^coUH, 
during cacli he.Ltiii!^ in the fuinaee, to enclose the iiueible ni a l.ir^er one 
bi.'isipied with a tim'lx ])owdei'd mixtuie ol lutile .nid i.iibon An altei- 
nalivi' method of climinatiiiL; nitios^eii is to eaiiy out the jui-paiation in an 
iron \essel lined with mairnesia, a lajad stn'am of hydioiren bein^ passed 
thioimh it ' 

^ I’litt. II. Hii-i(tt)U li.ikoi , jiruali' coniiiiuiucalmn. llaw-.Mi, raff 
- Moissiin, t itli' 'tiifiitf 

^ This iiiii^iM'-uiiii IS ]iif's<‘iil ni'illn i tts horatc imi boiiili-, hut is jupsi lit iii solid solution 
fitliPi as lu.u'iii-siuin oxidf oi j)«Ksihl\ as .i hontr (Kay) 

* h’onsuli lahlfl puiilicatiou lu.-iv quukl} he ith-itid it, afh-i the pioiliu Is of the inm- 
actiou of hoiou si-siuu-oxide aiid iiiii^Tu'siuiu ha\«‘ Imm-u ticated nilli lijdioi hloiic aeul. the 
resiilue is siihiuiUcd to liactional d<i.i 4 i'atiou and the lighter fiactioiis diseaidtd (Ihm t du 
Jassonncix, supra , \\ eiiiliaiih, laftf . sup/a) 
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Til the course of his invest ij^aiions of tlic niagnosium process, Weintrauh' 
found tliat if a higlfer teiiiporatuie than that used hy Moissan is cmploM'd, 
there is no ditliculty in obtaining a pioduet free lioni nuignesiuin. To olitain 
the high(‘r teiupeiature, Moissan’s juoeediiie may he used, with chaiges of at 
least one kilogiaiii of maten.d, or the H'aetion may he ellcetcd in a giaphito 
erueililn lieated to 1700" in a \aeuum cleetne fui n.iee 'Die liigli tcmpmature 

pioduet, however, eontains not I to 5 
pel eeiit Imt I 1 to l() per cent of 
o\\uen, and lo-liisioii witli a large 
(‘\<‘eN.s of hoion sewpii oxide IS without 
action upon it If the latio oxide, 
metal is diminished below ‘J 1, the 
pioduet obtained, aftei the usual 
ehemieal tiivitmeiit, consists mainly 
of magnesium boiidi' 

Magnesium boiidi', “boron siib- 
ovide,*' an<l boion nitnd(‘ all dissociate 
w'hen he<ited lu varuo to siillieiently 
high ti’iiipmatuK's M'ltb tlu' bondo. 
the change is peicepLible at l-OO", 
and IS lapid at loOO' IMie siiboxide 
and iiitii(h‘, howexei, dissociate with 
moie dilheultv, pai liciil.iilV tlu' laltei 
Owing to this disso< lal ion, it is eom- 
paialively i‘asy to obtain pine boion 
liom the ''Ocalleil “ ainorjihoiis boion’’ 
or “boion suboxub*,” and at the same 
tim(‘ to melt the boion (i ) One 
method consists in placing the powder 
in a watei cooled <*oppci cup wdiieh 
foims oiicof twocoppci ('leetiodes, and 
passing an aic between them m vnvuo 
or in hydiogen at a few millimeties 
picssuie Scveial pounds of boion 
m,iy lie [ui'paied and melted at one 
ojieiation in tins manner, starting 
with lauon siiboMilo (Wenitiaiib). 
(n ) Another method consists ni using 
a “meicury aie furnace” In this 
case, Moissan’s boion oi boron suboxide 
Fio. ‘J. — Mere uiy aic furimre for should be compicsscd into loda and 
inelLing buroii. purified as far as ])Ossible by heating 

to 1200“ to 1500“ ni vaaio. A lioion lod I), mounlefl in a caibon holder 
C to which a lead 11 is attached, is placed within the eylnuhical glass 
apparatus A (lig. 2) The appaiatus may he Idled with hydrogen or 
evacuated by’ means of siiitahlo connections. The appaiatus being evacuated, 
mercury is run in tlirougli the funnel K until the end of D is just eo\ered. 
Hydrogen is then admitted nji to 2-5 to 15 cms. pressuie, the electrodes 
H and K eonnected to a suitable source of currAt, and iiKUCury mn into 
G until the end of I) is deal of the mercury in the lower part V of the 

. * Wuintiiiub, viiU' 
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apparjitiis An uic is Ihiis fonncd l)(‘t\\oen tiu’ lioion and tho nioirury in 
F, and, since at tin* surface ol the lattei ^jieat heat is devi'lopi'd, the end of 
I) melts and falls ofl As the lod D tliiis slioiteiis, iiioic ineieiirv is mn in 
fiom linu’ to turn* fiom F Tlie hottoinless ahindnin p<»t L juevents the are 
fioin s1i,i\in^ to the ^la'-s In this nianiuM, ('\tiemelv jane hoion may ))0 
ohtamt'd (\\ einti.mh) (in) A thinl mellioil, somewhat analooons to the 
pieeedini; method (ii ), consists in loeiis'‘mn the e.ithodi' i.i\son llie jiowdeied 
mateiial, an opeiation th.it must o1)Moiis 1\ he earned out in a neail\ jieileet 
vaeunni ’ 

The pieeedni^ mi'thods foi oltt.innnj; pnie hoion neeessitati* the emploN- 
ment ol sjiei i.d foims of ajiji.iiatiis A fouith method is \(m\ simple to 
carry out, hut does not true the pioduet in the massi\e ioim (iv ) The 
“ suhoxide ” is mixed with excess of m.imicsium oi sodium and heated to 
liiiuht u'dness in a stie.im of Indiouen , in the foimei (.ise niairncsium 
hiaide is foimeil and suhse<|U(“ntl\ <le( tanjiosed ,it tlie huih lem|)eraliiie 
(Miij)loved 'LMie jiioduet is exti.uted sueeessixely witli water, h\dioehloiie 
aeid, and waim lO jier cent nitiie a< ul 

.3 Ikhi (ti /lonm T) ii'lifonilr irtfli llnhotfru — Tills mi‘l hod, also due 

to Wemtiauh, is hasi*(l ujioii tlu' lexeivililc* MMeimn , 

•J1U'1.,+ 111,- -JIlMdK’l, 

which has been studied h\ Ihiiui and Kieldiiur, and alsoliy llesson and I’ournier.^ 
A Iniih tenqieMliiie is iieiess.u x foi the [uoduetion of hoion hv tins method, 
and is o})l.inie<l li\ ihe ii-e ol ,in elediu .iie TIu* jue|):iialion is elicited hy 
runmmr one oi moii' .iltein.itnui i imimt aies hetween w.itei oi .in moled 
(opjiei eleeliodes m a mixtuie ol hoion tiiihlonde x.ijioui <ind a l.n^i‘ (‘xcoss 
of liNilio^iMi , .1 el.iss Ol eojijiei eont.imniii \essel may he iiseil Tin' f^asi's 
aie mixed hx ji.issmo hydioj^en o\ei the snrf.iee of hoion Ineldonde 
eontaiiied in a xessel eooled h\ a iiee/imr mixline, oi hy allowing: the ehlondo 
t(' dioj) into a xessel (kcjit a little above tlie loom lem])eiatnie) llnoiigh 
which hxdioiren is p.issed The hoion is jiaitly thiown oil’ as a hue jiowdor 
and jiailly settles on the (‘leeliodes, wheie it {^lows into small rods Tlu'so 
eventn.illx melt down to he.ids .iiid fall oil, and tin* piois'ss rejieats itself 
The hoion jiowdei, .afliT w.ashim^ with watei, contains 1)1) to 1)9 n jiei cent of 
boron , the fused luiujis aie ])ine hoion Hy an\ of the juocesses alu'ady 
mentioned tlie hoion powdei m,i\ he jail died . and melted 

Properties.- -1)01011 is a hl.iek solid of density 2*.‘U and eonijnessi- 
hilily 0 i) 10 ^ ])ei atmosjiheie .it ‘JO ‘ In hardness it is inleiior only to 
diamond. Its fr.ietuie is eonehoidal , it shows no sipis of mieioei \slalline 
striietnre It is infeiiorto diamond in its toiiirlmess or stieiijilh. t'nder 
atmosjiherie pressine boron melts at .about JJOO It passes into \aponr 
at temjieiatnres eonsideiahly l»elow the nieltinj'-point, the xajionr tension 
heeomin^ noliee.ahle at l(IOt) The eleetiieal (auidnelixitx ol .a piece of 
massive boron at oidinaiy temjieiatuies is extremeh sm.all, hut hetween 
room tenipeiatiiie and that eoi le'-jiondmij to a dull led heal it ineie.ases to 

^ Tit’ilc luid liiinlii.iuei, Zt'il'oh anoni ('hem., 1914, 87 , 1*29, Tiudc, Hn , 191.'), 46 , 
2229 

“ U.ay, Turns, ('him .SV ,•! 91 1 , 105 , ‘2102 

“ riingaiul Fu-ldm^', '/Vrois ('hem ,Sol\, 1910,95, 1497 , IJcssdh and Foninni, Cvmpt. 
reml , 1910, 150 , 87‘2 , Wiautuiuh, In rit 

^ Rndiuids, J Amer Cluvi Sot , 37 , lGli> 

® Tioik' uiiil liiiiihi.iiifi. Ztitsih anoig (’Iilih., 1914, 87 , 129, AVouituiul) ^ixcs 2800",. 
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about two luillion times its initial value. For instance, a piece of boron 
winch had a resistafico of 5’62 x 10® ohms at 27“ had a resistance of only 
4-GO 10‘ ohms at 1S()“ At a dull icd heat the resistance had fallen to 
5 ohms. Over a short teinpeiature intei\al the resistance of boion is an 
exponential function of the temperature. At 2.‘r the specific resistance is 
about 1-7 10'' ohms jicr cm. cube; at 0“ the value is alioiit 2 1()'\ 'I’lie 

specirtc resistance of boion is enormously decrcaseil at ordinary tein])eiatiiics 
by the introduction into it of small amounts of other elements, and at the 
same time the veiy huge ncj'ativo tempeiatuie-coellicient is diminished 
Thus, a few tentlis per cent of caihon niti*odnced into boion lediices the 
resistance to about one-twclftli its ^allle at ordinary tempcuatuies ' 

The atomic lefi.ietion of boion in saturated comj>onnds for the 1) line 
is 5-3 or 3 2, and for the II, ^ line 5 t or 3 1, accordinj^ as the (lladsLono and 
Dale or the Ijoren/ and I.oicntz foimnla is employed - 

The sjiaik and an* s])eetra of Ikuoii consist simpjy of tbiee lines in the 
ultraviolet, .‘MoIoO, and the iMir asterisked bein^^ 

more persistent than tlic other line ' 'I'wo band speelia, liowtnei, aio 
associated with boron The i^icen llaiues due to borut acid, alkyl boiates, 
and boron, tluoride all liave iiraetieally identical band stieolia , tlio bands 
are headless, and the most ])rominent aie in the ^r(‘en iei»iou (see llL^ 3 
on p 41). They ha \c been observed and measured liy numeions seientisls ^ 
The same bands an* nb^eived in the aie spectia of boron and boion scMjiii- 
oxidc, and in the spaik spoctium of a solution of )»()nc acid in bydro'‘hloiic 
acid, and lliey aie .iltiibuted to oxide of boion , they do not oc.*ur in the 
spark spoetriiin of lioron itself'' Another senes of bamls, which have 
definite heads and do^a-ade tow aids the red, is found in the s])ectnim of 
boron trichloride oi methyl borate in the after|jjlo;v of actm* nitioi^en (p 2*1) , 
these bands also oceair to some (‘\tent in the «ire spectium of boion and its 
oxide, and are attiibuted to boron nitmle but they do not oet*ur in the 
spark sp('ctrum of boron in nitrogen •' 

Pure boron may be strontily bi'ated lu air without uudi'i^oin^ any 
perceptible oxidation It is o\i(li^('d to bone acid when heated with concen- 
trated nitric acid, but the late oi oxidation is \ei \ slow' It <lo<>s not i oinbine 
with either copper (Weinliaiib) or ma^Miesinm (l{a\ ) at a icd licat. Its other 
chemical propeities aio unknown 

Moissan’s “nmoiphous boion'’ is a maroon colomcd powdc'r of specific 
gravity 2-45. Its specific beat iiu leases raimllv with ns(* of Iciuiicratuic, the 


^ Wpintiaub, iiUe wj/zu 
® Ghiia, dazzetta, lSs3, 23, 1 4.VJ, 11 R. 

* Giookrs, Pioc Ihn! Soi' , 1912, A, 8G, 36, de Giamont, (*ompt. rend, 1908, 146, 
1260; <\f Ibulloy, Tt(tn» Chan Hoc , 1883, 43, 390; I‘hk’. Roy luioc., 1883, 35, 301 , 
Ilowlanfl, Phil Mmf , 1^93, fv.], 36, 49; Kaysor and Ihint^e, U’xed. Annalcn, 1S93, 48, 
126; Edei and Vulciita, Dcnkstfir. K Akad. JPi^s Mim, 1S93, 60 , 307; Kmivi and 
Haschek, Silzung'^he? . K. Akad If o*; jytni, 1897, 106, Ha, 494 , Kajsci, Handburh der 

(Lcip/ig, 1910), xol \ p 134. 

* Lecoq dc .boishiudian, Cumpf. lend., 1873, 76, 833, Spertra Lnmninic (Pans, 
1874), Salet, Ann. Chun. Rhys, 1873, [iv.], 28, 5, Traid de specfroscopie (I’aiis, 1888); 
Dieulafait, Ann. (lum. Rhys., 1877, [v ], 12, 318; Ciaiiiiciaii, Siiziingsbcr. K. Akad. J/iss. 
JRien, 1880, 82. II, 425. 

* Lecoq de Boisbaudran, Inr cit., Ilagonbacb and Komn, Atlas der Knussion'zprlctra 
(Jens, 1905); Ilagenbaoh, Wwlncr Festvhn/t (Ijni)7ip, lOOfi), p. 128, Kubiie, Zeitsch. 
Wiss. Photnihem , 19C6, 4, 173, Aucrbaidi, ihid , 1909, 7, 30, 41; Eder and Valciita, 
Denksehr. K. Akad. Jl'iss IVicv, 1893, 60, 467 , J^^'ons, vide infra. 

. • Jevons, Froc. Roy. i'or., 1915, A, 91, 120; c/. Knhne, he ed. 
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mean value beinjj 0 3066 between 0" and 100*, 0 3407 between 0 and 192 , 
and 0-3573 between 0* and 235*.^ . 

Tlie clKunieal properties of “ainorjihons boron” liavo been desenbed in 
detail bv Moissan," and are ^i\en in tlie following paragiaplis It must, how- 
ever, be lenienibeied that these propeitios lefei to a substaueo that lias been 
shown by Weintiaub to eontain 1 to 5 ])er eent. of o\ygen It will be 
noticed tliat several of the propeilies mentioned aie not the piopeitics of 
pine boron. 

Boion unites directly with limn me at the oidmary tempevatuie, with 
ehloiine at 410*, and with biomme at 7()tl“, but is without action on 
iodine With the halogen acids it leactswith uie.itei dilheiilty . hydiogen 
lluoiide attacks it at a dull led heat, h\diogen chloiale at a biighl led heat, 
the pioducts being hidiogiMi and boion lluoiide or chlonde llydiogcn 
lodnle has no action on Ixmai When heated in oxygen, boion ignites with 
the production of heat and li-jihl, and it bums in an at 700 * It unites 
readily with suliihur at 600*, pioducmg the sesepn sulphide, and combinos 
with selenium at a highei tempeiatuie , it does not combine dnectly with 
tellurium 'I’lie din-et combination of boron and nitrogen oocuis veiy slowly 
at 900*, but lapidly at IlMO' Neithei phos])horiis nor aisenie \ap()ur at 
7f)0'’ will combine with boion, ami antimony may be fused with it > 4 ”thout the 
production of any chemical change W hen heated with c.iibon in tlje electiic 
jxre 111 an atmospheie of hvdiogen, ciNstallinc boion caibidc is ])]oduee(l. 

lioion does not unite diiccth witii the alkali metals On the othci liiind, 
it unites with luagiiesnmi at a dull leil heat, and with iron and aluminium at 
a higliei tempei.iture It also mutes with sihei ami platinum 

IJoi oil .lets as a poweiful ie<biemg agent 1 1 decomposes steam at a red 
heat, reduces lodie acul on w.uming, with the lilMuation of iodine, and lit a 
tempeiatuie just below a dull led heat it reduces sulphur iliovide. At a dull 
red heat tlie o\i(h's of aiseme and eaiboii dioxule aie umIik-cI hy boron at 
800' phosphoric anhyliitlc is iidueed, and at 1 200 * the ie<bictioii ot carbon 
monoMde and sdica can be elle(ti‘d At a blight r(‘d heat hoioii bums in 
citlici lutioiis 01 iiitiic oxide, pioducmg boion oxide and mtiidr* (’oneen- 
trated sulphuiie and mtiie acids aie kskIiIv leduced b) boron, which becomes 

oxidised to boi 1C acid ,, , nn i r 

A huge mimlier of oxides ami salts are reduced by boron T he oxides of 
copper, tin, lead, antimony, and bismuth are n'duced when gentlv warmed 
with 1)01011, th(' imxtuies becoming incandescent At a red heat tin- ^xjdes 
of iron and cohalt aie ledm-ed, hut not the alkaline caith oxides Silver 
fluoride is xiolentlv lerluced bv boiou at onlm.uy Ir'inpeiatuie"., the jluoriaes 
of zinc and le.ul at a i.-d lu-at; hut not the* alkali .md alkaline-carth fluorides. 
Chlorides aie les^ easy to lerluee, but ineicuiie elilonde can be leduccd to 
mercuiy at 700’ W'hen bor.>ii is fused with an alkali hydi oxide, a violent 
evolution of hxdiogeu occurs, and an rdkali boiati' is piorlueed. 

Jleductioir. iiiiY be eiVeeted at the oidmaiy tomperatuio with certain 
aqueous solutions.* Thus, ])olassium peimanganate is slowly reduced, and 


, c( Kn]ii», Chan Soc , 


1866 , 


^ Moissaii . 111(1 OaiiLin, Ann i'him Vhh , IMjf), |\ii ] 7 ^ 568 , cf K<)]» 1 ), 

16, 19 , 187 , V W(1mi, r/n/ !/(/</ , 1875, [iv J, 161, 2/6 , Mixtci am! Dana, Anmhn, 


S Moi'ssaii, Ann ‘w;)A.,’lM)5, 1 mi k 6 , 296. nnd , IS'lJ, 114 , 617; 

by ciuofully diyiug the eleiiionU (bakoi, Phil. Tians., 

1888, 179, £90)- 
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precipitates of tlie respective inotals are produced by the action of boron on 
aqueous solutions of silver nitrate and tlie chlorides of f^old, platinum, and 
palladium. 

Uoion will piobably receive various piactical applications in the near 
futuie, owinj' to its remarkable electrical piopcitics Its volatility prevents 
its employment in the maiiurat'tuie of eleetrie lamp lilamonts lloioii is of 
great use in the piiritication of copper , if 0 Oil to 0 I per cent be added to 
molten copper liefoie it is cast, the metal is deoxidised and purihed to a 
remarkable e\tent It is cheaper, however, to use “ boron suboxide ’’ for the 
purpose.' A little boion iiicieases the bieaking stress of steel 

Colloidal Boron. —(Colloidal Siilutums ot 1)01011 may be jirepaied from 
boron obtained by the action of m.igncsium, sodium, oi potassium on boron 
sesqui-oxide, by extiacling the ])i(Mlu(ts of the icactioii with hydiocliloric 
acid and wasliim^ the h'skIiic repcatcdlv witli watei untd the watm acipiiics 
a decided colour 1’wo boron bydiosols liavt* been olitaineil by the magnesium 
method * (i ) a relatively nullable sol, and (ii.; a comparatively stable sol The 
lirst IS daik blown in colour, and ni.iy be kept m a closed vessel for not moie 
than three oi foni weeks It is nnmcdiately coagulated by eleetiolv tos, and 
rapidly oxidised by dilute nitiic aeid or hydrogen peioxide It eaiiiiot be 
purified by dialysis The second r<'S(‘mblet> the fust in apjieaianee, but may 
be kept for iiiiie wei'ks and puiified by diahsis Two sols have lieeii obtained 
by the potassium method , they lesemble those just described 'riiree sols 
have been obtained by the sodium method, and are de<‘p blui' in coloiii. 
Two arc unstable, but the thud is stable and may be |)uiijied by dialvsis 
Jloron hydrosols have a liigb electrical lesistanco, the boioii paiticles aie 
negatively eliarued ' 

Atomic Weight. — It follows from the analyses and vapour densities 
of iiuniciona boioii compounds that the atomic weight of boion is three 
times its combining wiMgbt 

The detci niinations ol the combining weight leave much to be desired 
Various attempts have liemi made to measure tlie latio Na_,r>|(L lOILO 
Nagll/b, but the lesiilts of ditleient expeiimeiiteis do not aL'iee, and the 
method, involving as it docs the use of a hydrated salt, is a bad oik' The 
best detcnniuatioiis of the eombiuing weight aie piobably those due to 
dautier,'' vvlio.se v.iliies for the atomic weight of boron, deiived by four 
methods, aie as follows - 


illJaSO^ : IfiSSbr) • 100 

11 , “(J ('(), 177l>r)8 .100 

llilr., ilAiHi 14 512 -100 

lUdj, 3 Audi 27 2845 100 


II- II i)J8 
II -lOO!)!) 
I’> -II 027 
r,= lo!)r):) 


The first two ratios are only based upon a few cvpeiiments, and fiom 
the natuio of the analytical opeialioiis involved the results cannot be 


^ Weiiiliaul), I/A’ ; sro al&n ,/; / 7 i(/ Emi ('/inn , 1910, 2, 477 

" Guilli't, ('u?np(. irnd , 1007, 144, lOlU See also Moissin and Di.iipv, f'lniijif lend., 
189.'), 120, 130 jJIaniicsoii, Zntst/f. anunj Clum , 191 1, 89, U.sT , and Vol. IX. of tins spiios 
® Aguiiouud ll.iizctti, /tfti Ji ^tciud Limn, 1910, [v.], 19, 1 381, (lutbiri, KoUoid 
Zeitsrh , 1913, 13 137 

* Gaiitici, Jim C/inn. I'liifs , 1390, [vii ], 18, S.^. 

“ Clarke, /I Jianli ii/ti/ion of (hr Atninn //'< /f/Zd/s, 3id cd %(“ SiniUisonian Musn'llaiieous 
Collectit)n8,” vol 54, No 3, 1910). Tlic anteccdont data liavo been rhanged to — 
Ag=107-880, 01 = 35 457, Bi-79 916, 8 = 32-066, 0=12 003, Ba=137 37, 0 = 16 000, 
Na=22-996. , 
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regarded as possessing much more than corroborative v.alue From a 
chemuMl point of view the other two ratios would bo expected to yield 
more reliable lesults, but Gautier’K method of dcteiminnrg them is open to 
serious criticism 

Mention should bo made of Uamsav and Aston’s detenninalion of the 
ratio Najli^O. 2Na(-l, efTected by distilling aiihydious boia\ with hydro- 
eliloiie acid and moth}! alcohoP The lesiilts obtained lead to the value 
B 10 y.")! The othei di'toinnnations - an* ol little jiiijiortance 

The \ .due at present adopted for the atomic weight of boron is B 11*0 


FOMl'orXDS OF noitoN 

Fioni tlie ( luMiiU'.d jioint of mow, boton is decidi’tlh a non iiK'tallic 
element the halides are volatile eompoun<ls winch .lie leiidily and 

irrev(‘isibly h\diol\sed h\ wal*‘i 'I’he suljihide of luuon is similarly hydio- 
lysed by walei , se\eial liNthides .iie Milatile On the othei hand, hoion 
sesqui-ovide a])])eius to be amphoteiK* Fiom the physical standpoint, 
boion exhibits a slight lescmhl.im’c to the metallic el(‘nicnts , the binary 
systems hmon mvfnl, toi example, aie to some extent similar to the binaiy 
sxstems (Sjinposed of two metals 

Fioin the leactions of boion it is cleai that the hin.iiy eomjio'unds of 
boion aie \eiy stable snbstan<*es 'rin* Iwatsof foimation (II 1'’ ), gixen below. 


fully bear out this cone 

lusion — ’ 



(BP) ll.F. 

2:11 y Cals. 


II F. 272 (i Cals 

BCl’ 

y;i „ 


H2 t) 

BBi', 

Cl’J „ 




Boion IS teM.denl in its halogen del ix.itives, and appeals to bi* usually 
t('i\al<'ii( in its compounds llowexei, it seems at tini(‘s to exhibit a 
Nali’iicN of li\e Thus, Moi^san has pi (‘paied boion ]M‘nlasnlplnde , and the 
compounds of the foimuhe (',,1IJ)(M^, (('H );BM1^, ((’ Jh,) .B N II and 
((',11 AMiB Fill', ONa may ])eihaps cont.nn pentad boron and be foimnlated 
as follows - 


Cl 

d'l 

Alkvl 

II 

(Ml. 0 

,()Cdl- 

Cl 1 

1 ; 

\lkyl I 

J \ II 

Cll,() 1 

5 

Cl 

C ,11, 

Alk\l 

II 

cjl. 0 

''Na 


The comjiound B(FII ).MI;, loi instance, is l.iiily stable, it melts at 
f)!" and boils at IIU’ 'I’lie exi^lenei' of eeitam additne pioluets of boion 


’ Kunisav ■unl Ast<iii, 7'/(/«s C/ntn Sni , 63 , -11 

2 Boi/cliV, Aniwlni, IH^ii, 8 . I, bimciit, J p,akt Chnn , 1849, 47 , 415; 

Iln>li}iis-Al)iiilMn, Tuhts Chem *S</f , l.s'tj, 61 , liGe , KiiiiIku li, Hit , 1893, 26 , 164, 
Ai Milt age, /'/III Chrm. Sm , 18U.'<, 14 , Hi 

Tioobt and J l.uitcfciulli’, Aim ('/imi Vhy'> , isTG, [v.], 9 , 70, Bi'itlirlot, Thrrnio- 
chimit, \()1. , Silutii'i, rnul , IStO, II2, 862 

* OtliiT c<)inj)i)uiuls 1)1 this typf .iic known (p. 33) 

® Mieluclih anil IJiTkci, J!t^ , 1880, 13 , , Cuitax.son, lin , 1870,3, 4‘ii) , ,/. Jiusa 

t%'m Hot , 1888, 20 , 6'21 , Hn , ls80, 13 , f '8 , iMaiiklaiid and Dnppa, I'lnl I'mns , 1862, 
152 , 167, I'un Hoy Am'., 1876, 25 , 165, l«oi«’iiz, Ainia/tu, 1888, 247 , 226, L'oj)aux, 
Coinpt. lend., 1898, 127 , 719; if. Fixiiikland, ibid., 1898, 127 , 798 
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trichloride and tribromido also suggests that boron is pentad The same 
hypothesis appears necessary to account for the nature of the borohydratos 
and the lower oxides of boron 

The existence of a fairly stable hydride, cleaily shows that on 

occasion boiou may be at (iuadri\alcnt According to Stock, boron is 
quadrivalent in its hydiides, and also in the liypoborates, eg. IvOlJlIy, which 
would accoidingly bo wiitton 



K—O— B-H. 



It is of some interest in ibis eonnretion to note that since boion is occasion- 
ally at least quadiualont, its iiiavnnum valcnc\ is giealcr than its group 
number in the peiiodic table 

Boron Hydrides or Hydroborons —The existence of solid hydrides of 
boron has been suspected by \aiious (diemisls ^ The existence of a \olatiIc 
hydride was long ago anticipati'd fn»m analogy with the eompounds of other 
non-nietallic elements , but neither Woldei and Devillcnoi (bisLavson succeeded 
in preparing it In 1871), 1*' .1 ones showed tliat a volatile boron h\diide did 
exist, jvnd two yoais later, K Jones and Taylor studied the bydiid(‘ and 
assigned to it the foininla BII^- Their woik was eonfiimed in a ijualitative 
way by SabaLiei Ii,it(‘i, Kainsay and Jiattield aiinonneed the existence of 
what w'eie, in Ibeir opinion, piobably tw'o isomeiic hydiides of the toimnla 
but Bamsiy was niiaiile subsecpieiiily to duplicate the woik No 
value can bo pl.iced iqxm the scanty expeiimental data which seised to 
deduce the piecediiig foimnl.e, since the gaseous lioioii bub ides were 
undoubtedly contaminated with silicon liydride 

The liydiides prep.iied by Jones and Taylor, S.ib.itiei, and Kamsa\ and 
Hatfield weie obtained, mixed with a x'erv large excess of hydrogen, by tlic 
action of dilute acids on magnesium boiide, and similar gaseous mixtnreR 
can be obtaineil by the actmn of acids upon commercial non and miing.inese 
borides ’’’ Fnmi the mixed gaM*s jiroduced fioni magnesium boiide and 
hydrocliloiie acid, Slock and Ma.ssciie/ in 191 J succ(‘cded in isolating tw'O 
distinct boron liulndes of molecular formiibe B^Ilj^ and and 

since then Stock and otbeis haxo obtained several inoie bnion hydrides" 
Although llie eomponiid BIIj is not yet known, there aie, according to Stock, 
Fnedoiici, and lb less, at least ten boron b\dii<les 

(1) B;,!!,, Obtained by beating B^ll^j, ( 'olonrless gas 

(2) Bjll,(, Obtained fiom magnesium boiide and h}diochloiie .leid. 

(.S) A colourless lupiid, x'ciy unstable, olitained like (1) 

(4) B,,Kjo Obtained like (2). 


' Gatterniaiiii, Ber,^ 1889, 22, 195 ; Wiiiklei, Bpi.^ 1800, 23 , 772 , Ruiiiitzer, SUziingsber. 
K. Akad Wiss. Jl^icn, 1881, 82 , 7»J6 , Mniwhh , 1880, 1 , 792, Loifiiz, A7inaUn, 1888, 
247 , 24G , J. Butlinann, Chem. ZcU., 1911, 35 , 265. 

* Jones, Trans Chem. .SW., 1879, 35 , 41 ; Jones and Tiiyloi, ibid., 1881, 39 , 213. 

* Sabatiei, Coin pi lend., 1891, H2, 8i56 

< Ramsay and Uatlifld, Proc. Chem Hot , 1901, 17,152. 

" iT. lioilmann, Chem Zed , 1911, 35 , 265. ^ 

* Stock and Mas^!eIlL■z, Bn , 1912, 45 , 3539 

’ Stock and Fiiedeiiu, Bn., 1913, 46 , 1950 (BjHg), Stock, Fiioderici, and I’neas, Ber., 
1913, 46, 3353 (B 10 U 14 ) ; Stuck, Zcitsch. Elekliochem., 1913, 19, 779. 
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( 6 ) Obtained like (1) ; also by heating ( 1 ). 

( 6 ) Non-volatile solid, soluble in CS, Obtained like (1). 

(7) Non-volatilc yellow solid, insoluble in CS^,. Obtained like (I), and 

by heating (fJ) 

( 8 ) Difficultly volatile liquid, obtained by heating ( 6 ). 

(9) Colourless, iiou-volatilo solid, insoluble m CSj>. Obtained by 

heating ( 1 ). 

(10) Brown hydride or hydrides, resembling boron and poor in hydrogen 
content Obtained by heating (7) 

The stailiiig-point in the preparation of the boron hydiides is crude 
magnesium boiide, made by miMng 1 part of very finely powdered boron 
sesqiii oxide with 11 parts of magnesium powder and lapidly heating the 
mixture, 10 giams at a time, in a thin sheet-iion crucible in a stream of 
hydrogen The product, quickly cooled in hydiogcn, is finely powdered, 
sifted, and slowly dropped into 15 jier cent hulroehloric acid at 50“ to 80°, 
a slow stream of liydrogcn being jiassed through tlie apparatus The evolved 
gases, dried o\er calcium ehloiide and phosjihoric anhydride, aio passed 
through U tubes cooled in liquid air , in them the boron hydrides and 
solidify, togi'thei with a little carbon dioxide and silicon hydrides. 

The distillation of this crude pioduct furnishes in older the following 
fractions* (i.) silicon hydride, SiHj, (ii ) cat bon dioxide, (in.) silicon hydride, 
(iv.) boron liydiide, (v ) boron hydiide, B,, 1 I,„, (vi ) residue of loss 

volatile boron and silicon hydrides The two hydrides and are 

obtained as follows — At the temperalurc of Inpiid air the pressure above 
the solid IS rediK'od to zero. Traces of hvlrogen and silicon hydride are 
thus removed. The temperatuic is then raised to - 80“, wlieii the solid 
melts. The pressure is ijuickly lowered to a few* millimetres, and the evolved 
gas rejected as long as it contains silicon hydride. The gas then evolved 
at -80* and 3 mm. consists of the hydiide and, unless the room 

temperature is above 20“, partly condenses in the meicury pump The residue 
IS distilled at - 40“ until the pressure falls to 1 5 mm , the temperature 
raised to 0 “, and distillation continued until the pressure is only 10 mm. 
All the hydiide B 4 H^^ has then been removed, and the losidue, on fiuther dis- 
tillation, gives another hydride, B, H,,, the pro.s.sure falling to less than 5 mm. 

From 200 grams of magnesium boride, 100 c.c. (atN.T ?.) of pure hydride 
B 4 H,,, and 60 imlligrains of hydride may bo obtained.^ 

Tetraborodecahydride or borobutane, BJIjo, is a colourless, very 
volatile liquid which boils at 1G“ to 17“ C , and licezes at about -112"C. 
The vapour density is 27 0 ( 11 = 1 ), in accordance with the formula given. 
The vapour pressures at vaiious tempeiaturcs are as follow's — 

Temp *C. .0" 6 “ 10* 15’ 16* 

Vap piess. (in mms.) 500 580 630 710 740 

The hydride has a very disagreeable odour A few bubbles w'hen inhaled 
affect respiration and cause headache It is extremely unstable, dfcoraposing 
in a few hours at ordinary temperatures into a series of other hydrides. It 
is decomposed by electiic sparks, and ignites spontaneously in air or oxygen, 
burning with a green flame ^ Nitric acid oxidises it with explosive violence. 


^ Stock and Massciiez, he. cit. Fur ^ number of improvementB in the pio{iaratioii, see 
Stock, Kuss, and Priess, Ber., 1914, 47 , 3116 
VOL. IV. 
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It is slowly decomposed by water, the final result being expressed by the 
equation : — 

IVI,o + 12 H,()- 41131103 + 

Aqueous sodium liydroxide lapidly and completely absorbs the hydride, pio- 
ducing a hypoborate (p. 2«S), but hydiogen is slowly o\ol\cd, and the net 
result may be expicsscci thus — ^ 

11,11,0+ lNaOn + 4H.()- INaBO.+ llHg. 

The hydride is decomposed by alcoliol and icacts with ammonia, but its 
solution in benzene is very stalilc towards oxygen.* 

Hexaborododecahydride or borohexylene, u colomless 

liquid, the vapour density of winch is in agreement w ith the foimula gi\on. 
The vapour pressures at various teinpeiatures are as follow's . — 

Temp “C. . . -40“ 0“ 10“ 21“ r. 100“ 

Vap. press, (mm.) 1 10 If) 25 7fi0 

The hydride has a highly disagreeable odoin, and ignites spontaneous!} in the 
air. It is decomposed by water and alkalies more readily than the preceding 
hydride ;— 1 

]i„ll,,+ 181!.,0 6H,B()3 + 15Il2 
in{,2 + r)Na0H + 6Il“0 fiNaB().3+ 1511.3 

Boron trihydride or boro-ethane, B,II„— It has been mentioned that 
Che compound B,ll,(j is very unstable \Uien kept o\er meieuiy at the 
ordinary temperature it decomposes with the formation of a gaseous liydride 
B. 3 H,j and hydrogen. The rale of decomposition is gieatly augmented by 
ultraviolet light, but not apprcci.ibly by sunlight. The change is practically 
complete at 100 * after one hour. 

Boron trihydride is a colomless gas possessing a repulsive oilour which 
recalls that of B,H,f„ and also that of hydiogen snlphnle Its ^apour density 
corresponds with the molecular formula The hydiide melts at - 1C9“ 

and boils at - 87" 0. The vapour pressure of the Inpiid at v.'iiious teinjicia- 
turcs is as follows . — 

Temp. "C. . . -i;iO“ -120“ -112“ -110“ -100“ -DO" -87" 

Vap. press, (in ems ) 4 10 22 1 25 40 65 76 

Boron tiihydnde is fairly stable, but it slowly decomposes even at the 
ordinary tcmpeiatuie When heated with a fiec llame, solid, but not lujuid, 
hydrides arc produced, w’hen spaiked, lioron is deposited and non-volatilo 
hydrides of unpleasant odour are pioduced. Tn the presence of air it gives 
rise to solids containing both boron and oxygen, and when exploded with 
oxygen it reacts thus : — 

B 3 H 6 + 3 O 3 -B 2 O 3 + 31120. 

It dissolves in caibon disulphide, and the solution decoloiises bromine ; it does 
not react with dry hydrogen chloride, but combines readily with diy ammonia. 

Boron trihydride reacts with water to give boric acid and hydrogen : — 

B3H6 + 6H2O -= 2H3BO3 + 6H2. 

Like the hydride B,}!,^, it gives aliypoborate with alkali hydroxide, but 
some bydrogen is evolved iininediatcly the ga* and the hydi oxide come into 


' Stock und Masse'ncz, loc. cit. 
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contact. The hypoboratc slowly decomposes, and the final result may be 
expressed thus : — ^ 

+ 6Na01I = 2Na3B08 + 6Ho. 

Decaborotetradecahydride, — IVhcn the hydride II4TT,,, is heated 
for fouF or five hoins to 100", or \Nhen the hydride I>oH,, is heated foi forty- 
eiglit houis to 115“ to 120", a volatile solid hydride, is produced. 

This hydntfc is a colourless solid of peculiar odour resembling that of 
osniuiin tetnnide It sublimes ni vacuo at 00“ to 80”, producing beautiful long 
needles of density 0 01. It melts at 09 5 to a colourless liquul that does not 
decompose below 200® The molecular weight in benzene solution and the 
percentage composition aie in harnioii}’ with the moleculai foiniula 

The hydiide is soluble in alcohol, ether, ben/ene, and carbon disulphide. 
It IS not decomposed by air or water, is little afiected by nitric acid, but is 
oxidised by potassium pcriiianganate. It dissolves in alkalies, forming a 
yellow solution 

When piepaicd fiom Bill],, or Ibll,} by heating, the hydiide 
accompanied by two other non-volatile solid boion hydrides, which are also 
pioduced when B,„1I,, is hc.ited (1.) a ifUow hf/ihnlc, probably (Br,H4)*, 
insoluble in carbon disulphide and decomposed by watei , and (11 ) a colourless 
hyibide, probably BjoHa-, soluble in i-aibon disulphide, not decomposed by 
water, and converted into (1 ) at 150'.- 

Borides.-- -The binary compounds of boron with carbon and silicon aro 
described in this chaptei as boron carbidi' and boron silicides. The binary 
com])ouii(ls of boron w'lth other, moie electiopositive elements, aio called 
borideSf and are desciibod under tho headings of the other elements, 

Boron and the Fluorine (Iroup. 

Boron forms halogen compounds of tiic type BXg The lluoride,® chloride,* 
and bromide '' can be prepared by the diiect union of their (dements,'’ but not 
the iodide The chloiide" and liromide'' can also be prepared by heating to 
redness in a stiTam of eitlier chloimo 01 bromine an intimate mixture of 
boron sesqui-o\idc and caibon — 

iy)^ + 3(] + 3X.,= 2BX3+;i(U 

The boion halides have none of the pioperties of .salts At the oidinary 
temperatuic the lluoiide is a gas, the liquid chloride boils at 12 5“ (k , the 
bromide is a volatile lapiid, and the iodide a solid of low melting-point. Kach 
is rapidly decomposed by watei, tho change being expressed, except for the 
fluoride, by tho (irreversible) ecpiatioii — 

BXj-t- 311,0 = H3B03 + 3ITX. 

Besson® has described the bromo-iodides of boron, BBr d andBBrIj. They 
are colourless laiuids wdiich boil at 125’ and 180’ rc*.spccti\cly. A mixture 

1 Stock and Kiicdciici, lor at , Stock, Fiicdeiici, and Tiicsh, A/r, nt 

“ Stock, Fiiideiici, and I’lics.s, lor. at , Stuck, Zafsch, ZlcLlrochcm,, 1913, 19, 779. 

■’ Muis.'iaii, Comp, rend., 1904, 139, 364. 

■* Berzelius, Potyj. Aunalen, 1824, 2, 147. 

® Wohler and Dovillc, AnA Chiin. Phys , 1868, [111 ], 52, 63. 

'* These syntheses ha\e only been ct!ccte<l witli “amoi|moU5 boron ’’ 

’ Diiinas, Ann. Chm. Phys , 1826, [11. 1, 31, 436. 

® Poggialo, Compt rend , 1846, 22^127. 

^ Besson, Compt. rend., 1891, 112, 1001. 
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of these compounds and boron tri-iodide is obtained when hydrogen iodide 
acts upon boron tribromido at a high temperature. 

Two oxychlorides of boron, BOCl and BOCI3, have been described, but 
it is doubtful whether they really exist The first is stated by (Tiistavson to 
be obtained as a A\liit(‘. gelatinous solid when boion Bes<|Ui-o\ide and boron 
trichloride arc healed together at IhO” 111 a sealed tube.^ 

Boron triduoride, BK^, was ongniall}' piepared by heating a mixture 
of boron oxide and caleiuin fluoride to a white heat in an non tube.- It may 
be prepared by heating a mixture of boron tiioxidc (I jit ) and caUaum fluoride 
(2 pts.) with coneentiatcd sul])huiic acid,^ or better, by mixing 100 parts of 
potassium borofluoride with 15 to 20 jiaits of powdered boion ses<pii-o\ide and 
heating with conoentiated suliihuiic acid ^ The gas may be collected over 
mercury. 

Boron trifluoridc is a very stabh*, colourless gas of suflbeating odour. Its 
density coi n'sponds to that roijuired for tlic simple formula BF^ When purified 
from hydrogen fluoride by passage over sodium fluoride, it melts at -127“ 
and boils at - lOT.^ The liquefaction of the fliioiide was first cflectcd by 
Faraday.*’’ Boron trifluoiidc combines with its own volume of ammonia, pro- 
ducing a white, opaipie solid, BF., Nil ,, which can be sublimed without decom- 
position. Jacpiids of the composition BFg 2NI I , and BFj 3N 1 1 , may be obtained 
if more ammonia IS employed (J. Davy), but their individuality is doubtful. 
With dry phosphine at - 50'’, boion fluoride unites to foim a w’hitc, unstable 
solid of the formula 2BI’’3 I’ll^ " It also combines with the oxides of nitrogen.^ 
Boron trifluoridc is rapidly absoibed by water, 1057 volumes being 
absorbed at 0" (1 ® The pioducts of the reaction arc bone acid and hydro- 
fluoboric acid . — 

4(BF3) H- 3II P + Aq. = 311 BFp\q -f IT^BOg V]. + 98-04 Oals.if' 

Owing to the readiness with which boron trifluoridc reacts with water, it 
has been proposed as a dehydrating agent in organic chemistiy 

Boron trifluoridc appeals to combine w-ith hydrogen fluoride in two pro- 
portions, giving rise to BF^ II F or HBF^ and BF..3HF Little or nothing is 
known of the latter beyond the fact that it is a colouiless Isjuid of normal 
vapour density.^- The foimei is a well-know-n acid, hydrofluobonc acid 

HydroBuoboric acid, HBF,, was discovered by Berzelius It is obtained 
in aqueous solution when boron trifluoridc is passed into water until the liipiid 
reacts strongly acid, and tlic solution is then cooled The boiic acid simiil- 

^ Gustavson, 1870, 3 , 426 , ./ AW. CV/rm Soc , 1888, 20, 6J1 , R Loifiir, Atuiahn, 
1888, 247 , 226; Couiiclei, licr., 1878, ii, 1106; J. piakt. ('him , 1878, [11], 18 , 399 ; 
Michaelisand Becker, Jier., 1881, 14 , 911 

® Gay-Liiasac and Thciiard, Ann. Ckvn Phys.^ 1908, 69 , 201 , Rcihnrhn physico- 
chimiqM'i, vol. li. p. 38 

* J. Davy, Phil. Trans., 1812, I 02 , 365, Beivohiis, Poyij, Annalen, 1824, 2 , 113; 
Moinsaii, Coinpt leml, 1904, 139 , 711. 

* Schiff, Annalen Suppl , 1867, 5 , 172. 

® Moissan, cil., and Aim Chun Phys., 1906, [nii ], 8 , 84. 

® Faraday, Phil. Trans., 1845, 135 , 155. 

^ Besson, Compt. rend , 1890, ZIO, 80 

® Kiihiniann, Annalen, 1841, 39 , 319. 

* Basarow, Compt rend., 1871, 78 , 1698. 

Hemmerl, Compt. rend., 1880, 90 , 312. * 

” Landolpli, Compt. rend , 1877, 85 , 39. Foi its actiuii on vaiious organic compounds 
seeLandolph, tbid., 1878, 86 , 539, 601, 671, 1463 , 1879, 89 , 173 , Per., 1879, 12 , 1583. 
Landolpli, Compt. rend., 1678, 86 , 601. <, 

Berzelius, Pogy. Annalert, 1814, 2 , 113. 
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tancouBlj formed is said to separate out as metaboric acid. An aqueous^ 
solution may also be prepared by dissolving bone acid in a cold, dilute, 
aqueous solution of liydrogeii iluoiide 

In aqueous solution, liydiolluoboiic acid reacts as a moiiob.Aic complex 
aoid, the ions of which are It* and UK/. Appaiciitly there is also u slight 
socoiidaiy dissociation of tiie ion Hiy into i>K, and F', the IIF, partly 
hydrolysing to hydiofliioiie and bone ac-ids. The diluted acid does not attack 
glass . wlicii the solution is concentrated, howevei, it does so, binco hydrogen 
tluoride is produced The acid is piisonous 

The salts of hydrolluoboiic acid are called fxtrnfluondes. They maybe 
prepared (i.) by iieutialising the acid with metallic hydioxidcs, oxides, or 
caibonatcs, (ii ) by tlw* action of the so-called Ihiohoiic acid (p 21) on metallic 
fliioiidos, and (iii.) by tlie action of a metallic iluoridc and hydiolluoric acid, 
or an acid lluoiidc, on 1)0110 acid. In the la.st case the cm ions phenomenon 
may be observed of a mivtuic of t\\o acid iKpiuls producing an alkaline 
solution, eg. — 

II jllOj + 2XaHF. = NaliF, -t XaOIl + 211,0. 

Most borofluorides aro soluble in water. The insolubility of tho potassium 
salt in 50 poi icnt alcohol may lie utilised lor .sepai.itiiig jiotass’um from 
sodium and iiKigiiesiuiii.^ When heated to ledncss, IxunlliKuidi's }iuld boron 
trifluoiide and a metallic tluorido , with concentrated sulphuiic acid, boron 
tnfluorido and hydiogen fluoride are evolved A mixture of fluoiido and 
borate is produced by fusing a borofluoiide with an alkali carbonate.- 

Potassium borofluoride, KbF,, maybe prepared as follows ’—Boric 
acid (1 part) and calcium fluoride (2 5 parts) arc licated with boiling sulphuric 
acid (5 25 parts) The iKpud is cooled and lilteiod, and a hobition of a 
potassium salt added rotassium boiofluoiide is precipitated; it is re- 
crystalbscd from hot water Thus obtained, it forms uiihydrou.s, shining, 
six-sided, pnsmalic crystals of density 2 5, and is oithoihombic {a \ h : c = 
0'7898 : 1 ; 1 2S30),* biMiig isomorplioiis witli tlie rubidium salt, llbBiy 
(a ; 6 : c = 0 80()7 • I ■ 1 29 18 , density — 2 •'* When piepaied from hydro- 

fluoric acid, boric acid, and potassium caibonato, however, it forms a gelatinous 
mass winch is convcited at 100" into cT}slals belonging to the cubic system 
and sliowing the faces of the octalu-dron and dodecahedion.'* 

The following borofluoiidcs are also know’ii (Bor/olius) — 

LiBiy CsBF,» (MBF,), ./ II ,0 Fb(BF,)^ 

NaBF, (NH,)BF,' Ba(BF,)“ H ,6 Cu(BF, 

KBF, Mg(Biy)..rir.O AKBF,),^! 0 

RbBF,« Zii(BFj); “ Y(BF,),.iir,0 

Fluoboric acid. — AMien boion tnfluonde in sufficiently huge amount 
is passed into cold water, a eolouiless, syrupy lupiid is produced A similar 
liquid is obtained when as much boric acid as possible is dissolved in a cold, 
concentrated solution of hydrofluoric acid and the solution concentrated on 

^ Mathers, Stewart, Housouiami, and Lee, J. Arne). Chrm Stx., 1915, 37 , 15T6. 

® Mangnac, Zeitsch anal Chem , 1862, I, 40.') 

® Stolba, Chem. Zentr., 1872, n 395 ; 1875, p. 403 ; 1876, p 703. 

Montemartini (and Brugnatclli). Atn R Acead. Linrei, 1894, [v ], 3 , 1 . 339 ; Oazzelta, 
1804, 24 , 1 . 478 ; Zeitsch. Kryst. Afuu, 1894, 26 , 198. 

' Zambomni, Zeitsch. Kryst. Mm , 1905, 41 , 57. 

• Godeffroy, Ber., 1876, 9 , 1367. 

Stolba, Chem. Zentr. ^ 1890, 1 . 211. • 
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tho water- bath, boiled until it evolves white fumes, and cooled over concentrated 
sulplkiiric acid.^ 

The liquid thus obtained, of density 1 581, has a composition in agree- 
ment witii Iho formula HoB.O^.GKF. ft is decomposed by c\cos8 of water 
with the precipitation of lioric acid, an acpieous solution of hydiolluoboric 
acid being produced Berzelius regarded the iKpiid as a dcHniti' acid, 
of which he could form the alkali salts (IMF lf.,() by neutrali- 

sation with alkali. Tins view, however, is in all piobabihty cuoiieous, 
although tho evidence against tho individuality of the liquid is not as 
conclusive as could be desired. Distillation of the liquid is accompanied by 
rise of boiling-point, and the successive Iniuid fractions ditler in density 
and composition, whilst initially boron trifluoridc is evolved. The “ salts,” 
when recrystallised, yield first MF and subscipiently a mixture of MF and 
while the “acid” in aqueous solution gi\cs with silver nitrate a 
precipitate of silver metaborate mixed with silver oxido According to 
Basarow’, the liquid is merely a mixture of mctaboric, hydiolluoboric, and 
hydrofluoric acids.- 

Two other fluoboric acids have been stated to exist, namely, HjBp^.SHF 
and HjB^Og 2HF, but little is knowui conceinnig thmn ^ A pbysico-chcmical 
study of mixtures of boric acid, hydrofluoric acid, and potassium fluoiide has 
been made by Abegg, Fox, and Ifcrz, but no definite conclusions could bo 
deduced.'* 

Although no fluoboric acids are definitely know'ii, two compounds have 
been prepared wdiicli may be looked upon as salts of such acids. These are 
B2O3.2KF and KBOj KF, to w'hich the constitutions 

Fv F /O.K 

^ B 0 Ik and F— 

K.O" N)K N).K 

have been assigned. Tlic former is made by fusing 7 paits of boron scsqui- 
oxido with 12 parts of iiotassiuin fluoiidc, allowing the melt to cool slowly, 
and extracting soluble impurities with alcohol ; the latter, by fusing tbe former 
with the requisite amount of potassium carbonate The compounds dissolve 
without decomposition in a little water, but much water decomposes them,^ 

Perfluoboric acid — Tins acid is not known, but several peril uoborates 
have been prepared. Potassium fluohyperborate, is 

prepared by dissolving the compound B2(J32KF in cold water, adding a 
slightly alkaline solution of hydrogen peroxide, then adding alcohol and 
stirring. Tho dry salt is a white, crystalline solid. The miuoous solution 
is alkaline and slowly evolves oxygen, dilute sulphuric acid added to the 
solution liberates hydrogen peroxide Concentrated sulphuric acid decomposes 
the substance, ozonised oxygen being evolved. 

The potassium salt, Kj,B.2F.20„.Ho0 or 0._,(BF.0.0K).j lf.,0, and the 
ammonium salt, (NHj)2B^F203.31l20, have also been obtained 

* Gay-Lussac and Thcnaid, Ann. Chim. Phys., 1809, 69 , 201 ; see also Berzelius, Pogg. 
Annalen, 1848, 58 , 503 , 1843, 59 , 644. 

® Basarow, Compt. rend., 1874, 78 , 1698 ; Ber., 1874, 7 , 1121. 

* Landolph, Ber., 1879, 12 , 1583. 

* Abegg, Fox, and Herz, Zeilach. anorg Chem., 1903, 35 , 129. 

‘ Sohiffand Sestini, Annalen, 1886, 228 , 83. 

* Melikotf and Lordkipanidze, Ber., 1899, 32 , 3349, 3510 ; see also Petrenko, J. Bvm. 

Phyi, Chem. Soc., 1902, 34 , 87. * 
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Boron subchloride (?). — When a mixtnro of boi-on trichloride vapour 
and h}'dro^on at the ordinary temperature i.s subjected to tlie action of the 
silent electric discharf^e, a pale yellow, transparent substance is produced 
which contains fewer than three atoms of chlorine per atom of boron. It is 
rapidly decomposctl by watei, hydioj'cn being evolved and a solution obtained 
W'hicli possesses marked i educing properties.^ 

Boron trichloride, lU’l.., is best prepared by either of tbfr two methods 
already mentioned (p 19), Koi the synthesis, impiue boion (propaied by 
heating the oxide with nuignesuim and boiling the resulting mass with hydro- 
chloric acid) is emploxod ft IS heated to dull redness in a stieam of dry 
hydrogen, allowed to cool in the gas, and, after displacing the hydrogen with 
clilorme, lieated in eldonne to ledness The piodnet is stiongly cooled and 
protected fiom moistiiie, shaken with inereniy or silver jiowder to remove 
chlonno, and fractionally distilled to eliminate hydiogen chloride and silicon 
chloride- Hoion tiiehloride is also prodiicetl when boron sesipn-o.xidc is 
heated for some daxs at 150* with phos])hoinH jientaehloride ^ 

lioion tiiehloii(l(‘ is a eolouiless lirpiid of high lefiactixo index and normal 
vapour density (Wdhler and l>(‘ville) At 0" (' its density is I’l.I.'JSfi;* its 
coetfuMent of evpaiiMon is huge. It melts at - 107‘ (' and boils at 12 5“ C. ; 
its vajioiir pK'ssuie is as follows . 
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One gram-moleeule of the triehloiide, when decomposed by w’atcr, pro- 
duces 79 2 C-als'^ boron tiiehloiide is without action ou sodium below 150*, 
zinc below 200’, and snljihur below 250", but it reacts with snlphnr tnoxide 
at 120’, ])iO(lueing siilphuryl elilondc and boron sesqui oxide ((Iiistavson).^ 
When boron trichloride vajiour is pas'»ed into liquid ammonia, excess of 
which is then removed at - 25*, 15 molecules of ammonia are fixed for each 
molecule of the ehloride used The products are boron nmnh and an 
ammonia additioii-pioduet of ammonium chloride — 

liClj-floNH,, n(NII,),-i-:L\H,C1.3NlI,. 

Tf th(‘ ammonia be removed at 0*, only h molecules arc fixed, since the dis- 
sociation jnessure of Nil, (3 3N II, exceeds 700 mm at When the 

reaction takes place above U* C , Inn on intulc, bj(Xn).,, is produced : — 

2Ii(NII,), li,(Nlf), + 3NtI,. 


Ml V A. liiiscoe; piivate conuinniiralioii. 

® iSihmlzh’i, DimjL I’ulyt. J , 1874, 2ii, 485 ; Wolilor and De\illp, loc^cit. ; Stock and 
PiiesB, Brr., 1914, 47, 3109. 

^ Gusta\soii, Ber , 1870, 3, 420 ; 1871, 4, 975. 

* Glina, Zcilurh jfhysdal Chem , 1893, 12, 768 , Ga'zetla, 1893, 23, 1. 452 

" Stock and Pness, )oc, cit^, cf Rpgnaiilt, Mim Acad AH., 1862, [ii ], 26, -179, 658. 

® Troost and Hautufeuille, Ann Chwi. Phys , 1876, [v.], 9, 70. 

^ For other leactions sop Troost and Ilautcfeiullc, C'ompi. rend , 1872, 75, 1819 ; Ann. 
Chim. Phys., 1876, [v.], 7, 476. 

• Joannis, Compl. rend., 1902, 135, •1106. 
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According to Besson/ boron trichloride forms a white, solid compound, 
BClg.PHg, with phosphine. The following double compounds have also been 
described, besides various addition-compounds w'lth organic substances : 
BClg.NOCl, liCla-POClg, BClg.CNCl, and BC1,.IICN.^ 

When boron trichloride is introduced into the afterglow of active nitrogen 
(see Vol. VI.), a pale bluish-green glow is developed, easily distinguished from 
the green colour of the boric acnl Hamc, and a white, amorphous solid that 
contains both boron and nitrogen (probably boron nitride) is deposited 

Boron tribromide, Hlhg, is best prepared by eitlicr of the two metliods 
already mentioned (p 19) ; its preparation and purification may bo carried out 
as described for the chloride 

Boron tnbroraide is a colourless, mobile Inpiid which boils at 90 5“ C. ^ 
and solidifies to a colourless mass winch melts at - 4()" (\ Its density 
is 2 6499 at 0“ C and 2 6175 at 16.5*." The vapoui density is noimal;* 
the vapour pressure is as follows . — * 
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Boron tribromide reacts with ammonia at 0* to form ho)un imule. 


2 mr, + 27Nn3 = B^(NH)3 -h 6N H Jh- 3N J I 

With phosphine, boron tiibromido forms a white, solid substance of the 
formula BBrg PHg '* The corresponding arsenic coiiiponnd llllr^ Asll.„ pre- 
pared by the direct union of arsine and boron tiibroiiiid(‘ at - 100', is a very 
unstable, W'hite, amorphous solid, which, on keeping in tlie daik at 0“, slowly 
decomposes into lioroii tnbromidc, arsenic, and liydrogon The following 
addition-compounds are also known BBr^ PBig, 151^3 PJ^Kg, 2BBr^ BCIg, 
MBrgPCIg, and 2 IiIh>P 2 l/i 

Boron tri-iodide, Big, was first prepared by Moissan in 1891. He 
obtained it by three difierent methods • (i.) by acting upon boron trichloride 
vapour with hydrogen iodide at a high temperatuie, (ii ) by the action of 
iodine vapour on “amorphous boron” at 700° to 800", and (in.) by the action 
of hydrogen lodido on “ amorphous boron ” at a red beat. The third process 
is the best to employ.^^ “boron” to be used must be obtained by 

Wohler and Devillc’s metliod (p 7), washed with hydrochloric acid, and 
dried at 200“ in a current of hydrogen. It is heated in a Bohemian glass 
tube iu a enrrent of hydrogen iodide (dried over calcium iodide) to a 


^ Besson, Compt rend., 1890, no, 1)16. 

■ Genther, J. prukt. Chem , 1873, [u.], 8 , 357 ; Gustavson, Bcr., 1871 , 4 , 976 , Maitius, 
Annalen, 1859, 109 , 80 ; Gautier, Compt. rend., 1866, 63 , 920. 

• Jevons, Proc Roy Soc,, 1915, A, 91 , 120. 

• Wohler and Deville, loc. cU. 

• Stock andltuss, Ber , 1914, 47 , 3113. 

• H. Gautier, Ann. Chm. Phys., 1899, [vii.], 18 , 374. 

, f Ghira, loc cit. ; Hoskyns-Abrahall, Trans. Chem. Soc , 1892, 61 , 650. 

. * Joaimis, Compt. rend., 1904, 139 , 364 ; cf. Besson, ibid., 1892, 114 , 542. 

' . • Besson, ibid., 1891, X 13 , 78. 

Stock. Ber , 1901, 34 , 949. 

^VTarible, Compt. rend., 1893, 1 x 6 , 1521 ; 1901, 132 , 83, 204. 

. ^ Moissan, Compt. rend.^ 1891, 112 , 717 ; e/. Beacon, ibid., 1891, X 12 , 1001. 


BOROK. 


25 


temperature just below that at which the glass softens. The crystalline 
product IS dissolved in c.irbon disulphide, shaken with mercury to remove 
iodine, and the boron iodide reco\ered by allowing the carbon di.sulphide to 
evaporate. 

IkDron tri-iodide crystallises in colourless, transparent, nacreous plates 
which are very hygiO’'Copic and are easily clianged by light It melts at 
43“ and boils williout decomposition at *2 10". It is soluble in carbon 
disulphide, caibon telrachloiide, benzene, and other organic media. 

Boron tii-iodide is not attacked by h\drogen It is decomposed by 
sodium and by magnesium at a red heat, but is unatlected by Ml\er at 500* 
and by sodium at 210" The iodine bums m oxygen, is attacked by 
phosphoius at the oidmary tempeiatuie, and by suljihur when gently 
warmed 

According to Besson,* Ikjkui tii-iodide forms tho com])ound BI.jSNHj 
with ammonia, and also unites with phosphine. 


Boron and iiik Oxyoev (Juour. 

Oxides of Boron - -At least fom oxides of boron appear to exist, viz. 
B4O3, B^O,, Bj(.b, and B^Og. 01 tiiese, tho ses<pii-o\ide, B/).,, has been long 
known, and is a well-defined acidic oxidi'. Tho dioxide, B/)^, is also acidic. 

Tetraboron trioxide, B,()^ — When boion dioxide is prepaied by 
method (11.) described below, it is found that about five per cent of tho product 
consists of a substance insoluble m h}drochlonc acid or sodium hydroxide 
but readily soluble m nitiic acid with coineision into boric acid This in- 
soluble product, x\hen dried at 100 , aiipixus to consist of a h\dratcd oxide 
of the composition B^Og 21 ip - 

Boron dioxide, IbOo. — This oxide may be prepaied as follows. Crude 
magnesium boiidc, made as describcil below’, is decomposed by cold w'ater ; 
the filtered solution is then ticated by eitlicr of tho following processes: 
( 1 .) tho solution is evaporated to dryness in vacuo and tho residue heated; 
(11.) the solution is tieated with ammonia, liltoicd from magnesium hydroxide, 
and eviaporated to dryness in vacuo and the residue bcatcil. In method (1.) 
part of the boron dioxide obtained is picscnt m combination with magnesia 
(as a magnesium boiitc) ; m method (ii ) the dioxide is obtained piactically 
free from magiicMci but contammatcil with about live per cent of the lower 
oxide B^Og. 2 11.^0. 

Boron dioxide is soluble m water Its aqueous solution can be oxidised 
to boric acid by exaporatioii m air or by lieatmg with mine acid, but is not 
affected by iodine. Freezing-point mcasuiemmils indicate that the molecular 
formula of tlie oxide is jyA, The oxide appaicntly combines with water 
to form an acid, and the aipicoiis solution dissolves an amount of freshly 
precipitated magnesium hydioxidc coiic.''pouding to the production of a 
magnesium horite, MgO 2B,0.i ' 

Tetraboron pentoxide, B/J,., is juepaied by tieatmg the compound 
Mg3B2(OH),, with strong ammonia for .sex’cial days in an atmosphere of 
hydrogen, filtering, evaporating the filtrate to drjiicss m vacuo, and heating 
the residue. Thus prepared, it forms a pale hrowui solid, infusible at the 


' Besson, Compt. rend., 1892, II 4 , 542 

® Travers, Ray, and Gupta, J. Indian Insf Sci , 1914, I, 1 . 1, and private coinoiiinica* 
- tion flrom Dr Travers • 
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softening point of Jena glass. When allowed to remain in vacuo in contact 
with water it dissolves, forming a golden-yellow solution that oxidises rapidly 
in the air ; a small flocciilent residue, apparently consisting of JljUg is 

also obtained, ft is possible that the residue is piodiu-ed by the following 
reaction : — ^ 

311,03 

Borohyd rates. — Wlien one part of boron scscpn-oxidc is heated with 

parts of magnesium powder for to minutes at a icd heat in a rapid 
stream of hydiogen, the mam products are magnesia and magiK'siiim boride, 
MggB, 2 

6Mg-HV),-3MgO+Mg,B,. 

It appears to bo essential to the success of the experiment that the 
mixture should gently dellagiate for about five minutes aftm th(‘ Inviting 
commences. 

The crude mixture from the for(‘going reaction evolves hydiogcui when 
treated w'lth water. It has been shown by Traieis, Ray, and (lupta* ** that 
the magnesium boiido is decomposed as follows — 

Mg,B,-t-GH,0-=Mg3B,(()H), + 3ir2. 

The product is an almost w’liitc pow'der, insoluble in waiter , it is the 
magnesium derivative of a compound BJOII,),., which, fiom analogy with the 
carbohydrates, may be termed a borohydrate. 

The solution obtained by treating the boride with watei is found to 
contain small quantities of substances which exhibit the ri'ni.ukable iiiojierty 
of evolving Iiydrogon, wuth brisk effervescence, when acidified. Thi'se sub- 
stances are also boroliydratcs or allied compounds, and, like the hydioborons 
obtained from the magnesium boride by the action of acids, appear to be the 
products of certain unknowuisidc reactions. The amounts of these substances 
obtained arc very small in comparison with the amount of boiidc reijuired 
for their production, 

Tho solution is usually yellow, owing to the presence of colloidal boron. 
It decomposes slowly at the ordinary tcmpeiaturo, hydrogen being evolved 
In the presence of platinum black the rate of decomposition is greatly 
accelerated. The solution precipitates silver and merciuy from their salts 
immediately ; witli copper salts cither copper hydride or amorplious boron 
appears to be precipitated, according to circumstances. When acidified, tho 
solution evolves hydrogen ; the liquid thus obtained decolorises iodine. 

A careful, quantitative study of tho properties of tho solution has led 
Travers, Bay, and (iupta ^ to the conclusion that the solution contains two 
substances of the fonnuloc and Hj^BoOgMg, tho latter being the- 

magnesium derivative of a compound H^B^Oj. It is suggested that in these 
compounds boron has a valency of five ; and if, as seems highly probable, 
the evolution of hydrogen takes place by tho elimination of pairs of hydrogen 


* Travers and Ray, J. Indian Insf. Sci., 1914, i, x. 97. 

* See Ray, Trans. Chem. Soc , 1914, 10 $, 2162; Ti avers, Ray, and Gupta, J. Indian 

hut. Sei., mi, 1,1 1. • 

® Travers, Ray, and Gupta, loc. ctt, 

* Travers, Ray, and Gupta, loc. cit. ; cj. Travers and Ray, Proc. Roy. Soc., 1912, A, 
87 , 163. 
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atoms attached to adjacent boron atoms, the properties of these compounds 
can be explaiin'd liy assigning to them the fonniihe — 

II, li Oil 

’ll “ixl I 

11,1! on IIHII., 

The products foimed on tioatinent with acid aiise in the following 
manner — 

ii.noii noil . 
ir,iu)ii -noil 

Jin(oii), n(oii)., 
iinii, ="mi, 

The compound IIO.ll l>0ll, winch is analogous to hypomtrons a(‘id in 
its structuie, and tin* eoinpoiind IUI3 H(Oll), aie o\idised by iodine to hoion 
dioxide, 11,0, - - 



li.()U 

11 0 

(Ill) 

1! 01 

= i,.o-f^iir 



11 0 

(>V.) 




Wlien the solution ohtanied by Uie action of w'ator on magnesimu boiidc 
IS treated with ainnionia, magnesium hydioxide is piecipilated. In the con- 
version of llie magnesium deinali\e lI,,Il,03Mg into ihe ammonium com- 
pound, however, inlia-inolecnlar change apparently occuis, thus — 

1111(011)3 11,11(011), 

mill, ;Miii(oii)’ 


for the ni'W’ ])roduct, when acidified, c\ol\es twice as much hydiogen as the 
initial — 

11 , 11 ( 011 ), _ 11 ( 011 ), 

1131111(011)' 1111(011)'^“^'^’ 

yielding a product which is oxidised by lodmc to boron dioxide, 11,0, : — 


11(011), _ 

lllI(011)'^*-^“ 


11:0 

11:0 


+ 2111+11,0, 


The magnesium derivative ^lg.Jll,(01l)^,, already mentioned, undergoes 
decomposition when lieated witli strong ammonia in an atmosphere of 
hydrogen. Travels anti Uay,^ who luue investigated the 11 act ion, conclude 
that the soluble product of tlie cliaugc is a di-aiimionium deri\ative of the 
compound — 

1111 ,( 011 ), 1111 ( 011 ) : 1111 ( 011 ) 1111 ,( 011 ), 

When acidified, this compound loses hydrogen, thus — 


BII,(0II),.11H(0II) : IllI(OH) 1111,(011) 

• = 211,+ lUl(Oll), ll(OH) . B(OH) : BH(0H)2, 


^ Travels and Kay, ^ Indian Inst. Sci.^ 191 1, l, x. 97. 
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and the new product loses more hydrogen when treated witli iodine : — 

BH(On), : 11(011) : B(OII) : Bn(OlI), + Io 
• “ = 2111 + B( 6 n),.B(on) B(oi[) 11 ( 011 ) 2 . 

By evaporating tlie aininoniacal solution m vnnio and heating the residue, 
the oxide ly). is obtained (p, 25), thus — 

BP.(0H)2.Bll(01l) BII(OH) B1I.(0II,) + 2\I1, 

= Bb : Bb. BO . BO + oH , + II .0 + 2N 1 1 , 

1 _ O _J 

Hypoborates. — Stock and KussMiave shown that when eitlier of the 
hydrides BjII^ or Bjll,„ dissolves in aqueous alkali hulrovide, the initial 
product is an alkali eonipound of the typo MO.BIl^, which they term an 
alkali hypoborate , e;/ — 

Bdlg + 2 K 0 ir = 2 KOBII, + H 2 
BJIjo+ tKOH= tKOBHj + ir,. 

Solutions of the alkali hypoboiates arc faiily stable at ()“, psiilu idarly when 
excess of alkali is present, and may be evposed to air. \\ hen boil(‘d, how- 
ever, decomposition takes placi' lapidly — 

2K0BH,,+ 211,0 = 2KBO> + 5ll2. 

Potassium hypoborate, KOBiJj, may bo isolated by dissolving 
potassium hydroxide in one and a half times its weight ol water and treating 
it with an excess of Bjllj^, at U“, the solid hypoboiate is then obtained m 
colourless, glistening, oetahedial crystals which may be diK'd in a high 
vacuum. 

The compound is stable when diy It is deliquescent, and its aqueous 
solution slowdy decomposes at the oidinary tempeiature. Acids, even acetic 
acid, immediately decompose it The aipicous solution is a powerful i educing 
agent, and gives precipitates with solutions of most salts, but msoliilile hypo- 
borates are never obtained. With ciqiper sulpliate, a precipitate of copper 
hydride, CuU 2 , is obtained ; with nickel sul[)halc a very remarkable eliaugc 
takes place, nickel boride, NijB, being precipitated. 

When potassium hypoborate is heated to 500", potassium, liyiliogen, and 
water arc expelled. The water is evolved liist, and is comjdotely expelled at 
200*; potassium begins to distil from the icsiduc at 100", The icaction may 
' be expressed thus : — 

5 KOBH 3 = K 3 B 3 O 3 2K -I- 2 II 2 O + 1 1 II. 

The residue, K 3 B 5 O 3 , is soliihle in water, giving an alkaline solution the 
properties of which resemble those of a solution obtained by beating biu-ic 
,^o^ide with magnesium and extracting the product with w^ater. 

Sodium hypoborate, NaOBli^, resembles the potassium compound. 

barium and ma<jneuiim hypoborates are only known in aqueous solution. 

. Boron sesqui-oxide, boron trioxide, or boric anhydride, BgO-j, the 
■, bftst-dehned of the oxides of boron at present known, is foimcd when boron 
^^burns in air or oxygen, and is prepared by beating® boric acid to redness in a 
^^Uitmiim dish, water being eliminated and boron sesqiii-oxide left behind. 


* Stock and Kuss, Ber., 47, 810 . 
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Boron sesqiii-oxide is an amorphous, colourless, glassy solid, which has no 
definite melting-point, but which is decidedly liquid at 557“.^ It vaporises 
rapidly in vacuo at a lu-jght red heat - Its density is I '877 at 0°, 1‘848 at 
1*2“, and 1*099 at 80'', tlie cocfiicient of cubical expansion being 0 001308* 
Bet^^ecn 10° and 98" its specific heat is 0 2374.^ It is a very bad conductor 
of electricity.^ 

Boron sesipii-oxidc is a veiy stable conqiound, but it can be reduced to 
boron by sodium, potassium, aluminium, and magnchium, as has been already 
mentioned (p 7). It is attacked by liydiolluoiic acid and reacts with 
heated metallic fluorides, boron lluoiide and eiystalline metallic oxides being 
produced*’ Being only slightly volatile at a nsl heat, boion sesipii-oxide 
IS capable of decomposing nitiates, sulphates, etc , boi.ites and volatile 
acids (or their decomposition pioducts) being pioduccd ' 

Boion scsqui-oxide is the anhydiidc of bone acul, into >\hich it passes 
when dissolved in water. The oxide is \ery h}grosco})ic 

Boron ses(pii-oxide combmes with a numlxu of other anhydi ides to form 
what may be reganb'd as mixed anh\ dudes 'riie compound B/l j.iyjg, some- 
times called borophosphoric acid or boron phosphate, was first juepared 
by Vogel ^ by adding ciystalliiK* bone and to a boiling solution of phosphoric 
acid Accoiding to ^InIius and Mousscr,^ when these two acids are heated 
together at 80° to 100° the jinxliict has the composition JU>,. B. 20 r^. 2 H 20 
or (BO)lb,B()^ Bone and phosphoric acids also condense together in aul- 
phuiic acid, acetic acid, or acetic anhydride as solviMit, juoducing boro- 
])hosphoiic acid This substance is a white powder, which, although readily 
hydrolysed by water when fieshly jnepared, is (|uitc iiicit afti'i* it has 
been dried at lOO’ \t a led heatMt becomes distinctly erystallino. The 
mixed aulij/dudes SO. B.O., and 2S(),IU).5 may be pre 2 )ared by boating 
sulphuric and bone anhyd tides togethei in sealed tubes at 115°-120° and 
230* lesjiectnely, a mi\tuie of both being obtained at intermediate 
temporatuics They <iie coloiiiless, amorjihous, hygroscojnc solids wdiich, 
when strongly hc.itcd, dissociate into suliihur and boron tiioxidcs, and W'hich 
aio readily liNcliolyscd by water to suljihunc and bone acids. The conniound 
(2B.20 j 3jSOj 3Hp or BllSO^), is produced by the intciaction of boric and 
Rulphuric acids; other compounds of ilio type arB. 20 , ySOj :II ,0 have been 
desciibcd, but tlieir existence has not heon confirmed ” 

The oxisiciice of the piecedmg comiioiinds is generally held to show that 
boron sesqui-oxule may act as a feeble base, in which case boron sesipii-oxido 
must be classed among the anqihoteiic oxides 


* Carnelluy, Tutus Chnn. .SVjr , 1878 , 33 , 278. 

® Tiodcuiul BinihiaiuT, ZeiUch. tuun q. Chan., 1914, 87 , 129, 

^ Ditto, jinu Chim Thjrs , 1878, fv.], 13 , 67. 

* llegiiault, ibid., 1811, [iii.], I, 129. 

® La^isclmi and Ticliaiiowitscli, Phil. Mitg., 1861, [iv.], 22 , 308 ; Bowgoiii, Compt. rerid,, 
1808, 67 , 798. 

'* Devilloand Caion, Compt. rend., 1858, 46 , 764. 

’ Seo Tate, Quart. J Chem. Svr , 1859, 12 , 160 

« Vogel, Zalschfur Chem., 1870, p. 125 , Gust.u.son, Btr., 1871, 4 , 975 ; Meyor, ibid., 
1889, 22 , 2919. 

® Myliusaiid Moiissor, //«?•. 19(H, 37 , 397. 

Pictet and Karl, Bull. Hoc. rhim., 1908, [iv.], 3 , 1114. 

D'Arcy, Trans. Chem. Hoc , 1889,55, 155, rj. Mci/, J. piakt. Chrm., 1866, 99 , 181 ; 
Schultz Sollack, Ber., 1871, 4 , 15 ; Gi^gtaYson. tbid., 1873, 6 , 10 . 

See Goorgievic, J, piakt. Chem., 1888, [ 11 .], 38 , 118 . 
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Boric Acids. — Xumorous bone acids are theoretically capable of being 
produced by the union of boron sesqni-oxide and water in difteront pro- 
portions, and the existence of various boric acids seems necessary in order 
to account for the types of borates known At the present time, how’ever, the 
existence in the solid stale of only tw'o bone acids, orthoboric acid, H 3 BO 3 
(i.e. B^Oj 311./)), and metaboric acid, II BO^ {i.e. B/Ij H/)), can be detinitcly 
affirmed. The latter is formed by heating the former to 100''-140°,^ and 
in aqueous solution it passes into the former, as is shown by mf Secular 
weight determinations. The existence of pyroboric acid, 11, 11,0-, has 
been assumed by various chemists, but cannot be regarded as proved - 

Orthoboric acid, boric acid, or boracic acid, ITjBO,.— This acid 
was first jirepareil by Jlomlierg in 1702 (see p 7) It may bo readily 
prepared in the laboialoiy by tit'ating a solution of boia\ (3 pts.) in 
hot water (12 pts) with sulphuiic acid (J pt.) On cooling, orthoboric 
acid crystallises out. It is rocrsstalli.sed from hot watei, dried, fused to 
expel trac(‘s of sulphuric acid, and again dissolved in hot water and re- 
orystallised 

Orthoboric acid is prepaied on a commercial scale. Originally, all the 
orthoboric acid on the Kuropeau niaikets eanie from Italy, and a laigo 
quantity of the acid is still deiived fioin that country. It occuis in tlie 
suffionii or jets of steam which issue from volcanic ^ents near Monte 
llotondo, Lago Zolfoieo, Sasso, and Laideiello, in Tuscany M.iny borings 
have also been made in older to pioiluee aitilicial sulhoiii. The biiilioni 
are Burrounded by brickwork basins, .several of which aie generally built 
on the side of a hill. Watci from any convenient source is run into the 
uppermost basin and subjected to the action of the sullioni within it for a 
day. It is then run into the next lower basin, and .so on, until the water 
contains about 2 per cent of bone acid Next it is math* to Ilow' in a 
thin stream over a large sheet of roriugated lead, 2 meties wide and 
125 metres long, placed on a slight inclimj and heated from below' by the 
vapours from sufhoni too pooi in boric acid to bo utili.sed for tlie extiaction 
of the acid. Water may be cv.iponited in this way at the rate of 20,000 
litres per day. The liquid that runs fiom the end of the lead sheet is 
further concentrated in leaden pans until the boiic acid commences to 
crystallise out, the gypsum tliat is invai i.ibly deposited duiing the evapora- 
tion being removed from time to tinn* Orude Tuscan bone acid contains 
74 to 80 per cent of boric acid, 8 to 14 per cent, of ammonium and magnesium 
sulphates, 4'5 to 7 per cent of water, togetlier with small <piantities of gypsum, 
clay, sand, sulphur, organic matter, etc ^ 

The origin of the lioric acid in the suffioni is not at present understood. 
It has been conjectured that the boric acid arises from a reaction between 
boron sulphide and water, on the other hand, it has been supposed to ho 
produced from boron nitiidc. According to Nasini, its source is the included 
tourmaline in the surrounding granite locks, which yields hone acid when 


* Holt, ^f€m uVaytchfibler Phil Sor , 1911, 55 , No 10; rf. Merz, J. prnU Chen}., 1860, 
90, 177 ; ISbpInieii and Bonqet, Jnn f*him. I^hi/s , 1816, [in.], 17 , 6 'j ; Schairgotscl), 
Annalen, 1859, ZO 7 , 427 , Bloxain, Quajt J duni. Str , l.S.W, 12 , 177. 

* See the pieceding references, and Nubini and Agciio, Zeitsth, physical. Chem., 1909, 
67 . 482. 

* Payeii, Ann. Chini Plnjs , 1841, [iii.], I, 217 . Wittslciu, Ilepcrt. fur Pharm,, 1840, 
72 , 176 , Wohl, Vnigl. pohjt. J., 1866, 182 , 173 , Wdraann, J. prakt, Chem., 1838, 13 , 72. 



BORON. 


31 


heated in superheated steam ' The gases issuing from the suflioni are 
radio-active, as also is the granitic rock from which they issue - 

Boric acid is prepared on a commercial scale from the various naturally 
occurring borates already described (p 6). For this puiposi' they are some- 
times dissolved in hot hydroeldorie acid, and the boric acid, ^\hl(■h crystal- 
lises out on cooling, roerystallised from watei Niimeious other methods 
have been proposed In one pioeess, ulexito is giound to an impalpable 
powder, suspended in boiling watei, and decomposed by passing sulphur 
dioxide into the iKpiid In anothei, boraeite is decom])osed with the 
C(]Ui\alent amount of sodium bisulphatc (a by i'ioiluet of the nitric acid 
manufacturing process), the boric add cr\stallise(l out, and motlier-liquor 
woiked up for the sodium suljiliate it eontaius. * The \meiic.iu deposits of 
colemanite are conveited mainly into boia\.‘ 

Orthoboric acid crystallises fiom \vater m white, si\-sided lamime which 
have a pearly lustre and aie unetuous to the tou<*h The eiystcds are triclinic 
(a h c 1'7.T29 1 0 9228, u 92“ .‘10', 1()1“2.V, y 89 19')/’ According 
to (^arnelley, orthoboiic acid melts at 181“ to 18(1 ’• The di'iisily at 15 is 
given by Stolba' as I Cll , Ditte '' gues llie following \aliies — 

Temp “(1 0“ 12“ IT 00“ 80“ 

Densilv 15103 1 5172 1 5128 1 4105 1 3828 


The spe( ific heat is 0 3535 •' 

Oithoboiic acid is sp.inngly soluble m (old watei, but the solubility lapidly 
inei eases with use of tempeiatuie The peieentagcs of oithoboiK* acid in 
its saturated aqueous solutions at xarious tcmpeiatines aie as follows 


Temp. “(^ . 0“ 10“ 20“ 30“ 10“ J30“ G0“ 70' 80“ 100“ 

(hams. 11. BO, ) oj 

inlOOgiam^ 2 59 3 39 1 7.5 0 29 8*02 10 35 12 90 15‘<G 19 11 28-34 

of solution ) 


Accoidingto Ilerz and Knoeh,^^ a saturated solution of oi thoborie acid contains 
0 G20 gram-molecules of aeid pei litie at 1.1 , 0 (915 at 20 , and 0 8999 at 
25“. The cryohydric point is -0 70", at winch temixTature the satuiated 
solution contains 2 27 per cent of oilhoboiie acid llu* boiling point of a 

1 N.IS 1 I 11 , yi/fi It Ai<ad lAiun, IHOS. fv ], 17 , 11 . 43; cf l)’.\clnai(li (M., 1908, [v.], 
17 , 11 . ‘2.38, and tlio c.iilv luncis el I’.olld, Annahn, 184S, 68 , 1‘2‘2, Waimit'tnii r./irw? 
Gazette, IS.^4, 7 , 419, 5Vu!iI('i and I)r\illc, Avnalrji, 1858, 105 , <*'> , 

1872, 8, 1 , Uifuliilait, Ann. rhm I'hfis , 1877, L'.], I2, ^1^^ > Ctnnpf icnd., 188j, 
100, 1017, 1‘210. ^ ^ , 

^ Nasiiii, Andcihni, .iiid Lom, Alti /’ A<tad Linrci, 1905, [v ], 14, 11. 70. 

^ IkldllilTg, (7l^7yj , 1907, 31, Hep ^8 „ , y , r ; loon tQ . 

■* Foi furthci dolrtil.s and otliei niotln.ds, see Big..t, ./. ^ 

Chcnal Domlhot k Co, D R 1\, 110,1‘21 (1899), M«»oio, A/yf/ , 20 384 (1899); 
Maiquaidt !ind Sidml/, Zeitsch. angnr. Chnn , 189:», 8 , 385, and J Iioipc, A Dictionary oj 
(LoiiRinans & Uo , 191*2-13), 2nd ed, > oil. p 501. 

“ llaushofei, Knjd. Mm., 18S4, 9, 77 , rf Millei, rogij. Annalcn, 1831, 23, 

558 ; KcniiRott, Sihnniidm K Ahtil. ]t i'>s // an, 1854, 12, 26. , 

® Cdincllpy, Tntns Chem. Hoc , 1878, 33, 275. 

’ Htolba, J prakt. Chnn., 1863, 90, 457. 

•* Ditte, Ann Chem Rhys , 1878, |v J,_I3, 67 

" Ditto, Zfye. ri/ , and C 5 j 7 yi;y»r(’/M/., 1877, 85, 1069. , 1 1 1 ru mnn lO. 

Interpolated fioni tho lesnlls ol Nabiiii and Ageiio, /nii,rh. phynkal them., 1905’. 
482; Gazitta 1911, 41, i 131 ; c/. Brandos and Fiinhabci, Arch, rkarm., 1824,7, 50; 
Ditte, Compt. \cnd., 1877, 85, 1069 ; Ann. Chivi. Phys., 1878, [v.], 13, 67. 

“ Her/ and Knocb, ZcUsch. anorg. Chem., 1904, 41, 315. 
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saturated solution of orthoboric acid is 103*1 2“.^ The heat of solution of 
orthoboric acid in water is - 5*395 Cals.® A saturated solution of orthoboric 
acid has a density of 1 014 at 8", and 1 0218 at 15“ (Stolba). 

The solubility of orthoboric acid in water is increased by the presence of 
potassium or rubidium cliloridc, but diminished by the presence of hydrogjen, 
lithium, or sodium chloiides® The a'*id is very slightly soluble in ether, 
more soluble in alcohols and essential oils.^ One hundred grams of glycerol 
dissolve the following amounts of orthoboric acid — ® 

Temp. “ C. . 0“ 20" 40" GO" 80“ 100“ 

Grams lyiOj 20 28 38 50 61 73 

Tho partition-coefficient of boiic acid between water and ether is 31*2 at 16“ ; 
between isobutyl alcohol and water 2*74, and between amyl alcohol and water 
3*37 at 15“, 3 34 at 25", and 3*31 at 35".c 

Orthoboric acid is volatile in steam. Tho vapour given off from a saturated 
boiling aqueous solution of the acid contains 0 039 per cent, of acid.' The 
acid may also be volatilised from its alcoholic solutions ® 

The salts of boric acid aic called borates. Very few* orthoborates are 
known, bat numerous meta- and pyro-borates have been prcpaied. Further, 
salts of such hypothetical acids as Iljyij, lIol^» 8 ^i 5 ) etc, arc known. An- 
hydrous borates may bo prepared by fusing boron sesqui-oxidi' with metallic 
o.xides. When an excess of boron scsqui-oxido is pichcnt, it is found that in 
some cases a homogeneous lapiid mass is obtained w’hich solidilies to a homo- 
geneous glass; in other cases it separates on cooling into conjugate liquid 
phases ; while in others it is not possible to obtain a homogeneous liquid melt, 
the mass separating into tw’o non-misciblc phases of metallic borate and boron 
sesqui-oxide respectively.” 

The borates, with the exception of the alkali borates, arc practically 
insoluble m water. Tlio most important borate is scKlium pyioborate or 
borax. The important boiates arc described under the headings of the 
various metals.^” 

Although the metallic orthoborates cannot be obtained by precipitation. 


* Nasiiiiaiid Ageiio, loc at , and AUi Jl. Acrad. Lnurtf 191*2, [v ], 21 , ii 125. 

* Thoiufacn, Thermochcmische Untersuchumjen (Leipzig, 1883), vol in. p. 196; cf. 
Ditte, loc. cit. 

* Herz, Zeiisch. anorg, Chem., 1910, 66 , 358. 

* Rose, Pvgq. Annakn, 1850, 8 o, 26*2 

' ® Hooper, Pharm. J., i882, [in ], 13 , 258 ; see also Herz and Kiiocli, loc. cit. 

8 Abegg, Fox, and Herz, ZeiMi anorg. Chem , 1903, 35 , 129 , Aucibach, ibid., 1004, 
34 , 353 ; B. Muller and Abegg, ZeUs(h. phy'tikal. Chem , 1907, 57 , 513. 

Nasiniand Ageno, loc. cit,, Skirrow, Zeitsch. physikal Chem., 1901, 30 , 84. 

“ See Filth and Myers, Trans Chem. Soc., 1914, 105 , 2887. 

^ Geurtler, Zeitsch. anorg. Chem , 1901, 40 , 225, 268, 337 ; cf. Holt, Proc. Roy, Soc., 
1902, 285 ; Burgess and Holt, Proc. Chem Soc., 1903, 19 , 221 ; Proc. Roy. Soc., 1904, 74 , 

285. For speculations on the C(mstitution of borates, see Zulkowski, Chem. Zenlr , 1900, 
[v.], 7 , 1041 ; Ditte, Compt. rend., 1873, 77 , 788 ; Le Chatelier, ibid , 1891, 1 x 3 , 1034. 

» '*• Numqrous borates are desciibed in the following eaily papers, but tho compositions of 
Ittany of them arc doubtful: Berzelius', Pogg. AnneUen, 1824, 2 , 113; 1827, 9 , 433 ; 1834, 
' 33 , 98; 1835, 34 , 561 ; H. Rose, ihid., 18*27, 9 , 176 ; 1830, 19 , 153 ; 1852, 86 , 561 ; 1852, 
1, 470, 687 , 1853, 88 , 299, 482; 1853, 89 , 473 ; 1854, 91 , 452 ; Wohler, ibid., 1833, 
r^ilo, 526 ; Rammelsberg, ibid., 1840, 49 , 445 ; Ebelmen, Ar^. Chim. Phys., 1851, [ui.], 33 , 
84; Laurent, ibid., 1838, [11 ], 67 , 215 ; Bolley, Annalen, 1848, 68 , 122 ; Herepath, Phil, 
Mag., 1849, [iii ], 34 , 376 ; Tissier, Compt. rend., 1854, 39 , 192; 1857, 45 , 411 ; C. L. 
IBloxam, Quart J Chem, Soc., 1859, I2, 177 ; 1861^ 14 , 143 ; Ditte, Ceympt. rend., 1873, 77 , 
7881 892} Ann. Chxm. Phys., 1883, [v.j, 30 , 248. 
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and have only in a few cases been prepared in other ways, the tri-alkyl 
esters of bone acid, H(OR) j, where R is an alkyl group are readily 

prepared by the inteiacLion of boron trichloride and alcohols, eg , : — 

BCI 3 + 3CJ Ij on = + 3HCI. 


Tlioy are colouiless IkjukIs of low lioiliiiLr-poiiit and normal vajioiir density, 
and arc readily hydrolysed by water * They combine witli tlic metallic 
deiivati\es of the alcohols, foi miiig crystalline comjiounds m w huh boron is 
presumably a pentad. The following arc known — - 

LilKOMc), KH(OMc), Nali(()Kt)j TlR(OEt)^ 

NalJ(()Mc)^ (’a[li(OMe) 4]2 KB(OEt)^. NaB(01‘i»), 

In a<]iicons boliilion, oitboboiic acid is a very weak acid It turns litmus 
a wine-icil, luimciic a ic(ldisb-bi(»wn, and has no eflcct on methylorange 
(|) 44). The acpioous solution is a \ciy ])oor conductor of clcctiicity, so 
that the acid is loinscd only to a \ei\ slight extiMit. The molecular w'cight 
of the acid 111 solution is, 111 f.ict, that toi icsponding to the* molecular formula 
That thoic is only one molecuhir species present to any app>*‘ciablo 
extent i.s shown by the fact that th(‘ pai tition-coelhcients ])ie\iously given 
(p 32) am indi'pendent of the actual conceiitiation of bone acid in the 
a(pieouH phase In solution, orthoboiic acid beh.i\os as a monobasic acid, 
'riio ionisation of tlie acid follows Ostwald’s dilution law foi binary electrolytes 
(Vol. 1. j) 2J1), and the dissociation mu.st theicfoie bo lepicsonted as 
-Il +1IJ)<\,'. The ionic mobility of the anion at IH is 2S.* The 
a^^lniitv constant (/») of orthoboric acid varies with the tcmpoiaturo as 
follows — 5 

Temp. ’(\ ir» 2;")' 37' 10" 

/. 10"» fits (it;2 8 10 8 49 

Hence boric acid is wcakoi Ibaii lutlici cailionic or bylrosiilphiirii*, acid. 
Owing, however, to the supmioi volatility of these acids, a concentrated, 
boiling solution of boric acid can decompose certain metallic carbonates 
and sulphides 

Roth metabolic acid and ])yioboiic acid (oitlioboiic acid dehydrated till it 
corresponds to the formula, 11 . 211 , 0 -), when dissolved 111 water, arc converted 
into orthoboric acid, since then uijucoiis solutions arc identical with solutions 


^ EhclmPi), An7i. (Ihim. Phy^ , 1816, fui ], 16 , 129; Ehclnicn and IJouqot, ifnd., 1846, 
[ill.], 17 . a-l ; Ilownian, 7Vn/ Mftrf , l.Slli, |iii ], 29 , Ml), Rnsi*, Pofffj Annaha, 1856, 98 , 
246 ; Schill, Anna/r,, Suppl , 1867, 5 , 151 , Annal.n, 1877, 189 , 162 , Council, Per., 1876, 
9 , 485; 1877, lO, 1655; 1878, ii, 1106, J piaU. ('hnn., 1878, [11 ], 18 , 371, (Jhira, 
Gazzclta, 1M13, 23 , 1 . 452, 11 . 8 , Cop.'iux, Compt. lend., 1898, 127 , 719 , Wnhl and Neuberg, 
Per., 1899, 32 , 3488 , Kenton and .Mi 3 .s Uostling, Trans. L'hem. tSm'., 1698, 73 , 554 ; Cohn, 
Pliarm. Zcnti -h , 1911, 52 , 479 

® Copaux, loc at , Cainbi, Atti R Acrnd. Lintri, 1914, [v.], 23 , i. 244 

* Kanlcnberg and Schreiner, Zeits>'h phy^ikal Chem , 1896, 20 , 547 ; Holt, Mem. Man, 
Phil. Soe., 1911, 55 , No 10 ; Nasini and .\gono, loc. at. 

^ Abcggaiid Cox, Zeitsch physikal i'hnn., 1903, 46 , 1 , Walker and Connack, Trant, 
Chan. Soc , 1900, 77 , 5 

" Lunden, J. Chini phys , 190/, 5 , 5S0 ; cf Walker and Coimack, Ttans. Chem. Soc., 
1900,77, 5; Hantscli and Barth Per., 1902, 35 , 216, concentration in gram molecules 
per litre. 

• Tissicr, Compt. rend., 1854, 39 , 192 , i857, 45 , 411 , I’opp, Annalen Suppl., 1872, 8, 1. 
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' '^o! orthoboric acid of the same boron content. Moreover, aqueous solutions of 
alkali mota- and pyro-boratcs are in every respect identical with aqueous 
" solutions prepared from the icquisite quantities of orthoboric acid and alkali 
„ hydroxide. In conformity with the view already outlined that boric acid in 
solution IS a monobasic acid, it reacts in aqueous solution with one equivalent 
of alkali. This has been shown both by frcczinj^-point measurements^ and 
by thermochomical considerations - Accordingly, the ions in alkali borate 
solutions are essentially M and llgBO/ or HO/, and such solutions, by double 
decomposition w'lth metallic salts, precipitate spaiingly soluble meinhorates. 
There must, however, bo an appreciable concentration of hydroxyl ions in an 
^ alkali borate solution, since, bone acid being exceedingly weak and the alkali 
hydroxides very strong, the salts produced by their mteiaction must bo 
perceptibly hydrolysed (Vol 1. p. 221). At ordinary temperatuics, in fact, 
a decinormal solution of borax is hydiolysed to tlu* extent of about 0*5 per 
cent.® Accordingly, in suHiciently dilute solutions, piecqiitatcd metallic 
metaborates are contaminated with eo-precipit.itfil metallic hydroxides (or 
oxides) if the hydroxides are very sparingly soluble substances ‘ Alkali 
borate solutions also contain com 2 >lex jiolyhorate ions, the precise nature of 
which is not known.® 

BornS acid and its most imjioit.uit salt, boiax, loceive many piaclical 
applications. As a mild antiseptic, the acid is laigidy used as a food 
preservative. It is also used in tlic piepaiatum of candle wieks. Hone 
acid and borax aroemiilojed in the prejiaiatioii of enamels, pottery glazes, 
hat varnishes, paint diieis, horosilioalo glass, eeitain kinds of ojitieal glass, 
cosmetics, tooth jiowders, scajis, iiarchmeiit paper, gla/ed paper and cauls, 
safe linings, and fiiopioof textile fahiics, they aie aKo used by tanners 
for dressing leather, by cojqHnsmitlis and jewellcis as iliixes in biazing and 
soldering operations, by laundresses, etc. 

Complex Boric Acids.— C'^oin 2 )lox acids containing boion arc formed 


by the action of bone acid upon numerous sub.stanr(‘s The bi*sl defined 
inorganic compounds of this natiiro are the two borotungStic acids, 



The interaction of boric acid with numeious organic comjiounds has been 
. studied by Magnanini,^ who found that in aqueous or alcoholic solution, 
^ boric acid interacts with all hydroxycarboxylic acids iii which at least one 
hydroxyl group is present m the tt-jjosition to a cailioiiyl group, the com- 
plex acids formed (xvhich he did not isolate) being stronger than the oiganic 
* acids from which they are produced. The other organic acids do not interact 


* Noyes and Whitney, Zciluch. phydkal. Chem , 1894, 15 , 69t. 

■ J. Thomsen, ThermorJirmiiirhc Uateismhunyen (Leipzig, 1882), vol 1 . p 206; cf. 
Lund^n, J. Chim. phys , 1907, 5 , 599. 

’ Shields, Zeitsch. physikal. Chem., 1893, Z2, 167. 

* Abegg and Cox, loc. cit . ; cf. the mteiaction of borax and silver nitrate, ]).'44. 

* Auerbach, loc. ett , P. Mnllcrand Abegg, hic. cit 

* Copaux, Compt rend., 1908, 147 , 973 , Ann. Chim.i^hys, 1909, [viii.l, 17 , 217. 
i' See Vol. VII. ofthis senes. For evidence in lavcmrof the existence ofboro molybdates, boro- 

'arsenates, etc., see Mauro, Bcr., 1881, 14 , 1379; Bull. Soc chim., 1830, |n], 33 , 664 f 
Rosenheim and Bertheim, Zeitsch. anorg. Chem., 1903, 34 427 ; Schweizer, Annalen, 1860, 
267 ; Aueibach, ZeUsch. anorg. Chem., 1903, 37 , 353.^ 

’ Magnanini, Alii R. Accad. Lincei, 1800, [iv.], 6 , 1 . 260, 411, 457 ; Oazzetta, 1890, ■ 
rrao, 428, 441 , 448, 453 ; 1891, 21 , li. 134, 216 ; 1911, 41, 11 425 , 1914, 44 , i. 896 ; Zntach, 
Chem., 1890, 6, 68 ; 1892, 9, 230 ; ISOa, IZ, 281. 
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with boric acid in solution. A crystalline potassium hydrogen borO- 
oxalate 2K( 80)0304 SHjO,* can nevertheless be readily prepared by heat- 
ing potassium nietaborate with oxalic acid solution, or by heating boric acid 
with potassium hydrogen oxalate 

The interaction of boric acid \\ith alcohols has been studied by 
Magnanini, 1*. Muller and Abegg, and others.- It has been shown by 
Muller and Abegg that complex acids arc fornu'd (by condensation of the 
alcohols with boric acid) to an appicoublc extent when boric acid is dissolved 
in vanoiis liquid alcohols, but that the extent to which complex acid formation 
occuis, steadily diiniiuslios as llie alcoholic sohent is leplaccd by water. 
Complex acid foim.Uioii lietween boric and and both manniLol and glycerol, 
two polyhydiic alcolmls, is of considerable mtoiest, both theoietically and 
practically In each ease the complex acid foimed is much stionger than 
boric acid, and wlicicas mannitol is optically inactive, maiiintoboric acid is 
decidedly dextro lotatory. The extent to which these complex acids arc 
formed in solution increases with the concentiation of either the bone acid 
or the pul}hydne. alcohol, and diminishes with the dilution, 111 consequence 
of which the molecular conductnily of mannitoboric acid decicases with the 
dilution. Magiiaiiini concluded from his expeiiineiits that maiiiiiloboric acid 
was produced by the condensation of three molecules of bone acid with one 
of inaiiiiitol, but the subsequent isolation of the complex acid has shown that 
the condensation pioeeeds as expiessed by the equation — 

The prepaiatiou of manilltoboric acid is earned out b\ di'jsolviiig 12 grams 
of maniiilol and 8 2 giams of bone acid iii Do cuhie ci'iitimetres of absolute 
alcohol, <uk1 selljiig the siflutioii aside for a few'da^^s in a cold place Tjhe 
first few cr\stal.s foim<‘<l aio di''» aided, those suhsecjuenLly deposited are 
pure maiiiiitohorie iieid, .md melt at HD o' 'I’lio molecul.ir weight 

of the acid in acetone solution is latlier gieater th.ui that required for the 
preceding formula The acid is hiigel} decomposed hy water, hut its 
ammonium, silver, tjalcium, and haiiuni salts me moie stable^ 

Perboric Acid and Perborates. — Peihonc aei<l is unknown m the 
pure state, but it is possible that ethereal solutions have been piepared.* 
A number of metallic perborates, however, aie known. They were 
discovered by Etard,^’ and first picpared m a pure state by Melikoff and 
Pissarjew’sky.*’ 

The best known peiboiales ai<‘ derivatncs of a jiei boric acid of the com- 
position 1180^. They arc readily hvliolysed in aqueous solution, boric acid, 
or rather its salts, and hydrogen peroxide hoing produced Accordingly, the 
perboric acid is considered to liave the constitution O 80 OH : — 

0 80 OH + 211/) -8(011)3 + HO OH. 


* E. A. Woriier, Trails Chnm. Soc , 1901, 85 , 1449. 

® P. Muller and Abct^g, Zeit>trb phyiiht/. (Jhem., 1907, 57, f'13 ; Agnio and Valla, 
GazeeUa, 191^, 43, li. 103 , D.ilir, Zcihth. anuuj. Cheni , 1914, 06 , 196 ; llucsekeii and others, 
'sBcr. trav. rkim , 1911, 30, 392 ; 1915, 34, 96, 272, Tioc. A". Akatl. WctenscU. Aiiisterdam, 
1912, 15 , 216 , Irvine and MissS^iele, Trans Chem. >S'oc., 1015, X07, 1221, 

* Fox and Gauge, Trans. Chem, Soc., 1911, 99 , 1075. 

* Pissarjowsky, Zeitsch. physikal. Chem., 1903, 43 , 170. 

‘ Etard, Compt. rend., 1880, 91 , 981. 

‘ * Melikoff and Pissarjewsky, Ber,, 1898, 31 , 678, 953. 
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This constitution, however, has been disputed on the ground that hydrated 
podium or potabiiiiiin perborate does not give o(!' hydrogen peroxide ^hen 
' heated to 50’-60“ under diiiiinibhed pressure or in a current of air free from 

/O 

carbon dioxide; and the alternative constitution HO.H^ | has been pro- 

posed by liosshard and Zwicky ^ The following argument, based upon the 
preparation and piopeities of KUO,, is also given by the same ehcinists The 
compound K130„ oi />of<tssiuin ht/perlxnate^ crystallises with llloO and is fairly 
htable. When dried ovei phosphoiie anhydride i a 7»ac?io, 1 KUO, 11^0 is pro- 
duced, BO that the oiiginal compound cannot bo foimulated as KUOj.lIgO,. 
It is rather to bo consideivd as derived fiom potassium hypcioxide KO OH, 
and perborie acid. Hence, t\io const itution.N arc possible, viz KO O.OU . 0 

and KO .O.lb | , and it is considered that the latter is much more pioliable 

N) 

than the former owing to tlie stability of the salt 

Sodium perborate, Kalio, 111/), may be prepared by addiui* to a 
saturated solution of bor.iv .ui e«[ui\alent (piantiU of sodium livdioMih' and 
twice the amount of hydiogen poi oxide theoretically neccssaiy, after some 
time the peiboiatc commences to ciystallise out - - 

NaJl, 07 -f- 2 Na 0 H -h iH„0^ -4KaBO, -}-:)! 1,0. 

In preparing the salt on a largo scale the neccssaiy ingicdicnts aic mixed 
in small batches, winch aie tlien unit(*d and slowly cooled with stirring 
Wooden vats and stineis are used, and metal pipes, etc, well tinned to 
minimise decomposition of the hydiogen peroxidi* The teniperiituic after 
mixing is 25", and the concentrations are chosen so that the jierboiate separates 
out slowly. Large and faiily stable ciystals arc deposited, wliieli aic eentii- 
fugod free from mother Inpior and dried m a stream of pure air at a tempera- 
ture not exceeding 50" 0 

Sodium perborate is only formed in minute quantities- at the anode when 
aqueous sodium orthoboiate, with or without excess of alkali, is ('h'ctrohscd.^ 
Sodium perborate, NaBO^. 411^0, crystallises m laigo, transpaieiit, mono- 
clinic prisms, and is stable in air free from carbon dioxide ® The monohydrate 
maybe obtained by careful drying, and tins maybe completely deh} dialed 
in vacuo over phosphoric anhydiidc Tho solubility of the salt in water, in 
grams per litre of solution, is as follows . — ® 

Temp. "C. . . 15" 21" 2G’ :V2‘ 

Grams of NaU0j.4H20 25 5 26-9 28 5 87 8 


* Boasliurd and Zwiuky, Ztits>h ang>'u\ (%m , 191 25 , 993 

® MehkolTand Pissaijowsky, lot. cit. ; Taiiatii, ZiUbch physihal Chem., 1898, 26 , 132; 
1S99, 29 , 162 ; Jaubort, Compt. rejid., 1904, X 39 , 796 ; Biuhatand Dubois, ibid., 1905, X 40 , 
506; Jaiibcrt and Lion, Kev gen. chem pure appl., 1005, [vii.], 8 , 1G3, Chnstenaen, 
JDansIre ICidensk Sfisk I'mkandl., 1904, No. 6 . 

* Fuhrniann, Chem. Zeit., 1911, 35 , 1022 . 

‘ SeoTanatar, Zeitsch. physikal. Chem , 1898, 26 , 132; Zntsrh. anorg. Chem , 1901, 26 , 
843, Constam and Bennett, tbid., 1900, 25 , 26.') , 1901, 26 , 451 , Biiihat and Dubois,* 
Compt. rend., 1905, X 40 , 606 ; Pis«!aijiwsky, Ztilsth anori. Chem , 1902, 32 , 311 ; Poulenc, 
jFV. Pat., 411,268 ; Beltzer, Mmilcur Scient., 1911, p. 10, Polack, Trans. Fataday Soc., 
1916, 10, 177. 

* Jaubeit, Compt. rend., 1904, X 39 , 796. 

* Jaubert and Lion, loc. cit. 
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The solubility is augmented by tlie addition of boric, t€‘\rtaiic, or citric acid, 
glycerol, or amnionium and magnesium sulpbates in small amount ' The heat 
of solution in water is -ll’SG Cals at 16“ , in seioinormal sulphuric acid it 
is -8 95 Cals at 17“ C.2 

In acpieous solution at 0“ C the hydi()l\''is (»f sodium perborate is very 
slight, and fiom conductivity measurements it follows that the molecular 
formula of the salt is ^\ ith hm' of tem])erature, l^diolysis proceeds 

further, and at 25“ it is veiy consaleiablc The a<jucous solution has an 
alkaline leartion Aei-oiding^ to l*is^arjewsk\,' the hydrolysis piocecds in 
two stages, (i ) and {^n ), the thud leaction (in ) tlien taking place between 
products foimcd in (i ) and (n.) 

(i) Nar.(),+ ‘2II,<) -^'XaO()lI + HjlU>, 

(n.) NaOOH-Ml.O -NaOlI + 11,0. 

(ill.) ;i\aOII + lI.IM),, -Na 110 ^ + 311,0 


AVlu'ii heated abo\e 40’, sodium perboiate solution commences to evolve 
owgcn The .solution is an eneigetic ovidisei, con\ citing feiious salts^ to 
foMic, chromic salts to chiomic acid, mangamuis salts to manganesi* dioxide, 
libeialinu chloiine fiom hydioi hloiic acid, iodine fiom potassium iodide, etc.*^ 
.Sodunn perboiate is used tommeicially undei the name of “perlioiin for 
bleaching purposcH, since it may bo inconunated into soaps and washing 
powdeis “IViboiin M” contains soaj), alkali, and sodium perborate; 
“piMsil” contains soap, alkali caibonato and silicate, and sodium perborate; 
“ozonite” IS similar to “porsil’ , and “claiax’’ contains boiax, sodium 
phosphate, and sodium peiboiate^’ 

A isodinm pciho)(ife of the composition X.ilM), oli^O is said by Jaubort to 
bo obtained when an intimate mixtuie of IMS gi.ims of bone acid and 78 
grams of sodium peroxide is slowly added to I lities of cold water. It 
cannot be roerystallised from watei • 

Sodium hyperborate, NallO,, has not been prejiaicd in a pure state® 
Potassium perborate. The follow nm salts ha\e heen deseribcd (i.) 
KII.O. ‘2Il/),‘'»(ii.)2KHO,.KJl(), 511.001 31x110 JI.O, ni,0,i«(ni )2Kli03.H^0, 
and (il.) 2K1I0,.IT,0,.^^ 

Rubidium perborate, Hb BO, If ,0, andcaesium perborate, CsBO^.H^O, 
are also knowii.^- 

Ammonium perborate, NJf,Bo, 3II A->, is obtained by dissoUmg boric 


^ Piulnit and FIiiImus. foi' cit. , Jaulx'i t and Lion, Inc (it 

- TiUiatfii, /eifsih pliihtknf CJnm., 1S'J8, 26, L‘'‘2 

Mkiiisl.un uinl Bi'iiji.tl, anoyf/ r/o'wi , It'OO. 25, ‘J6r. , „ , , . 

* Pissarji-wsky, it's' It iiluhihal. (’firm., 1903, 43 . 170, (/. SOieuck, Voilandei, and 

Dux, Xeitsdi anif'w ('In m , 1911, 27, 291. ^ ■ 1 tx u • 

* For furlhci n actions, sco .Liulu-i I, (\mpt inul, D'Ol, 139 , /96 , Bruhat and Dimoi#, 
Comvt rinit , 1905, 140 , .'’>06 , (’hiistt*nsen, Dunahe Vnltnsk Sihk Forlimuil., 1904, No._ 6 . 

- r, i/vii - 1111 Por the ])atont ht«-iaturc dealing with 



25 , 938 

7 .Taubeit, Compt. rend ,1901. 139 . 796 
® Mehkoir and Pissaijewsk^, I>>i . 1898, 31 , <»78, 953. 

® Bruhat and Dubois, ('nmjit rend., 1905, X 40 , 506. 

Christensen, Ihinskr Vvicn^k. Sc/sk Foihandl , 1901, No. 0. 
” Von Gii/ewald and Wolokilin, Ber., 1909, 42 , 865. 

“ Christensen, loc, cit. • 
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acid in 2 ‘5 per cent, hydrogen peroxide, adding ammonia, and precipitating 
'j with alcohol. When diicd for twenty-four liours over Rulphiiric acid, the salt 
. 2 NH 4 BO 3 .H 2 O is obtained, and this may be dehydrated over phosphoric 
. anhydride.! 

The salt NH, BOj.NJI, BO^ 2IT^O has been described by Petienko - 
Barium perborate, Ba(BO,)^ THgOj^and uranyl perborate, UO^BOj,* 
are also known. 

Boron sesquisulphide (boron tnsulphide), B,Sj, is produced when boron 
“is heatod to briglit redness in bulphiir vapour,® or when boron is heated to 
redness in a current of hydrogen sulphide ® It may also bo prepared by 
heating to redness in a current of carbon disulphide vapour an intimate 
mixture of boron sesqui-oxide and carbon ’ Other reactions which lead to the 
formation of the siiliilndc arc the actiop of Rulphur upon boron tri-iodide and 
the action of carbon disulphide and various other sulphides on boron (Moissan) 
The pure scscpiisulphide is best prepared by heating pure boron in a stream 
of hydrogen suljihide largely diluted with hydiogeii,® and a cheap method 
for its preparation consists 111 heating commeicial iron boride or manganese 
boride to 100“ in li}(liogon sulpbidc and washing aw'ay admixed sulphur 
from the product with carbon disnljibidc.'*' Only part of the boron in these 
borides can be icmoM'd as the bulpludc 

The piopertics of boion sos(\iu 8 iilphide have been studied mainly by 
Moissan.!'* It forms fine, white iioedle.s, of density 1 55, winch molt at 
310" and volatilise without decomposition when heated in a ciuient of 
. hydrogen. It is unacted upon at a red heat by hydrogen, nitrogen, phos- 
phorus, carbon, and silicon It intlamcs in chlorine in the cold, in biomino 
vapour when warmed, and in oxygon when heated to dull redness, m each 
- case both the boron and sulphur arc convoitcd into chloride, hiomide, or oxide. 
At a dull red heat, boion .seMpiisulphide is violently decomposed by potassium, 
BOdium, magnesium, and aluminium, but non, zinc, copper, meicurv, and 
silver are without action upon it lb is decomposed by carbon dioxide above 
'300" os follows : — '! 

B,S , SCO, = B,0, + SCO + 3S. 

It is violently decomposed by xvatcr at ordinary temperatures, boric acid and 
hydrogen sulphide being produced and much heat exolvcd 

[B,SJ + 611,0 + aq. = SII^BO^aq. + S(H ,S) + 57 -8 Cals 

Boron sesquisulphide is slightly soluble in jiliosjiboriis trichloride, from 
, -which it crystallises in needles. It foims tlio addition-compounds B^S^.BClj 

, ! Mebkoffand Piswirjowsky, Iler.^ 1898, 31 , 678,953 ; Constam and bcmiott, Zeitsch. 

: iinorg. Chm., 1900, 25 , 265 ; Tiinatar, ZciUch. physikal. Chem., 1898, 26, 132 ; liiuhui and 
Dnbois, Compt. icnd , 1905, 140 , 506 

■ Petrenko, J liitss. Phys Chem Soc,, 1902, 34 , 37. 

• Mclikoffand Pissurjewsky, loc. at. 

• Bnihatand Dubois, Compt. rend , 1906, 140 , 506. 

* Herzelics, Pong Annalcn, 1824, 2 , 145. 

*7 ** Wohler and Devillo, Ann. Ghim, Phys., 1858, [iii.], 52 , 90. 

^ Frdiuy, Ann. Chim Phys., 1853, [ 111 .], 38 , 312. 

• H. Gautier, Ann. Chvm. Phys., 1899, [vii 1 , 18 , 363. 

»J. Hoffman, ZHtseh. angew. Chem, 1906, 10 , 1362,, 2133 : Zeitsch. anorg. Chem., 
cm 59. 127. 

f!® Moissan, Compt. rend., 1892, 115 , 203. 

.r*! Costeanu, Compt. rend., 1913, 157 , 934 ; Ann. Chm., 1914, [x.], 2 , 189. 

V Sabatier, Compt. rend.t 1891, ZZ2, 662. • 
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and and according to Moissan, combines with the chlorides of 

phosphorus, arsenic, and antimony. When dissolved in hot carbon disulphide, 
saturated with hydiogcn sulphide, the solvent evaporated Va vacuo and the 
residue recryhtalhsed from either carbon disulphide or benzene, white 
crystals of IbS,.lI^S or thiometaboric acid arc obtained.- This substance, 
which smells of hydrogen sulphide ami is lapidly decomposed by water, has 
a molecular weight corresponding to the formula m benzene «olutionB ; 

unlike boKJii si'scpiisulphuh', it is extiemely .voluble m both benzene^ and 
caibon disulphulo Moated in a sealecl tube, it begins to melt at 130 and 
forms a clear, tianspaieut li«]uid at 110', when heated in air, it readily 
dissociates into boron sesquisulphide ami hydiogen sulphide. 1 liiometaborio 
acid diHsohes in lupiid ammonia, when eveess of solvent is removed at 
ordinary tempciatnios, jellow crvst.ds of scpaiate out.^ 

Borotl pentasulphide, IbS- — When sulpliur reacts upon boron 
tri-lodidc* without the iuter\eiiti(m of a sohent, hoi on sesquisulphide is pro- 
duced, hut when llio leaetion octurs lu caihoii diMilphide solution, crystals of 
boron pentasul[)hi(lo aio said to .se[)aiaLc fiom thi* liquid® The substance 
dis.sociate8 into voscpiisulphide ami Milphui when Iu*ated in vacuo. It has 
not been obtained with less than 10 to 15 per cent of admixed lodmc. 

Boron selenide, IbSo., may be prepared by lu'ating boron in selenium 
vapour or hydiogen solenido ^ It is also produced if iron or manganese 
borido be used instead of iioron itself ’’ The selcMude is a yellow' solid wliich 
does not appear to be \olatile at a led licat It is decomposed by water in 
a similar maiim'r to the sulpliidc* 


Boiion and 'iiiii! Nituocien (Juoup. 


Boron nitride, HN — lioion unites directly with nitrogen at a red heat 
to form a niUide (Wohler and Deville , Moissan) Boron nitride was dia- 
coveied by rialmaiii" m 1842 by fusing boron sesipu-oxidc with potassium 
ejamde, but its tiuo iiatuui was deteimincd and the compound pre- 
pared in a nearly pure state by Wohler in 1850.^ His method con- 
sisted in heating an intimate mixtuie of anhydrous borax (1 pt.) and 
ammonium chloride (2 pts ) to hiight redness in a platinum crucible, boiling 
the pow'dmed pioduet with ^ery dilute hydrochloric arid as long as boric 
acid could bo extnu ted, washing and drying the residue. Another method 
of preparation cnusists m heating a mixture of boion sesqui-oxide (4 pts.) and 
carbon (1 pt ) to whiteness in a current of nitrogen.^ The nitride is pro- 
duced when hoi on is heated to ledness iii ammonia, and may be more 
readily prepared b} heating eitlier boron scsqui-oxidc or anhydrous borax in 
the same gas ’ Numeiousolhei methods have been proposed, as, for example, 
heating boron sesijui-oxido or borax with potassium ferrocyanide, potassium 
cyanide, meicunc cyanide, or uie.i 


1 Stock and Bli\, Jitr , IflOl, 34, :J0}9 , 1903, 36, 319. 

2 Stock and Poppenbeig, Her , 1901, 34, 399. 

» Moissan, Compt. lemi , 1892, 1 15, 271. 

* Sabatier, G<mpt 1891, II2, lOOo. 

6 J. Hoffmann. Chem. Zed , 1911, 35, 713. 

« Balmain, Phil. Maq., 1812, [111.], 21, 170 , 1843, [111 ], 22, 46/ , 1844, [111.], 24, 191. 

Wohler, Aunalcv, 18r)0, f4, 70 
» Wohler and Deville, Ann. Chun Phys , 1858, [iii.l, 52, 63 
» See Ehrich and Giaelz, L.Ii.P., 282,701 (1913) ; Podszus, l).Ii.P , 282, /48 (1913). 
w Darmstadt, Annalcn, 1869, 151, 255, Martins, ibid„ 1859, 109, 80; Rose, Pogg^, 
Annalen, 1850, 80, 265 ; Gustavsoii, Mr., 1870, 3, 426. 
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As a convenient method of preparation, Moeser and Eidniann ^ recommend 
passing ammonia over a strongly heated and previously fused mixture of 
boron sesqiii-oxide and calcium phosphate. The product, when washed with 
dilute hydrochloric acid, is nearly pure boron nitride. To obtain the nitndo 
in a state of purity, hoi’on tribromido should bo slowly dropped into liquid 
ammonia, the excess of solvent lemoved by cvapoiation, and the solid residue 
gradually heated to ToO*-’ The iinide of boron initially formed (p. 21) 
becomes converted into nitrub* — 

li/NII), 2nN + Nir,. 

The method given by Wohler and Deville lor the pieparatioii of boion 
nitride has been studied by Stabler and Elbert, with resjiect to its utilisation 
for the fixation of atmospheric nitrogen. When a mixture of boron sesqui- 
oxide and earbon is heated in niti ogim, the yield of boron nitrogen varies with the 
temperature and tlio pressuie of the nitrogen At a pressine of one atmosphere, 
the best yield, 2G to 28 percent, of nitride, is obtained ut 1500“ to 1700"; 
but at a pressure of 70 kilos per square centimetre, a yield of more than 
86. per cent, is obtained at 1G0()“. When, however, boron sesqm-oxide is re- 
placed by borocalciLc, CahjO^ a nearly thcoietioal yield of boron nitiide, 
according to the e(piation 

Oa H,()- + 80 -H ax,— - MIN -H Oa( 'N., 7( M ), 

is obtained, even atone atmosphero piessuie, by heating fust to 1850" and 
subsequently lowering the teinporatuie to 1400" ; increasing the pressure of 
the nitrogen has practically no cllbct on tho yield.'^ 

Boron nitride is alight, white, amorphous solid, soft, like talc, to tho touch 
It can be compressed, wet or dry, into blocks of c^msideiahlo iigidity It 
is infusible at the inelting-poiiit of luiigsten, luit above 1500" it commences 
to dissociate m vacuo into boron and nitrogen** At 1220', how'ever, the 
dissociation pressure does not exceed O' I mm/' At bmli tornpciatures it 
is the best insulator known •'* Heated in a flame it exliibits a gieenish-wbite 
fluorescence 

Boron nitride is a very stable compound. It is very slowly dceomposed 
by boiling water, mpieous potash, li\drochloiic and iiitiic acids, but 
» decomposes more readily when heated in steam or at 200" in a scaled tube 
with water, hydrochloric or snlpliuric acid • — 

;hi,o HjBo.-i-Niry 

Heated with fused potassium hydioxide, ammonia and potassium borate 
are produced , with fused potassium carbonate the pioduets are potassium 
cyanate, cyanide, and borate. It is little affected by heating witli oxygen, 
iodine, hydrogen, carbon dioxide, or carbon disulphide In an alcohol flame 
* fed with oxygen it burns to boron sesqui oxide, and at liigh temperatures it 
48- decomposed by chlorine. It is slowly dissolved by hydrofluoiic acid, 
ammonium borofluoride being produced. The oxides of copper, cadmium, 


* Mopseraiid Eidniann, Ber.^ 1902, 35 , 635. 

* Stock and Rhx, Bcr., 1901, 34 , 3039 ; Stock and b^llc, ibid.y 1908, 41 , 2096. 
® Stabler and Elbert, Bn.y 1913,46, 2060. 

< SeeJ^niy Pat.y 25,978 (1906). 

** Slade and Higson, Rep Bnt A't^or , 191.3, p. 451. 

* Weintraub, J. I/id. Eng. Chem., 19i3, 5 , 1C6. 
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mercury, arsenic, antimony, and bismuth are reduced ^\hen heated with 
boron nitride, the products beinpf metal, moliillie boiate, and nilrous oiside; 
sulphates are reduced to sulphidt's , but the oxides of /me aiul iron aieiiot 
reduced * 

Boron nitnde juepaied by hcalin*^ boion iinide at l‘J5" to ld()“ for a long 
time IS, accoidiug to Stock and Bli\, much moie icactive than the nitride 
pre})ared at high tcmpeiatuies, and they suggest that the latter is a 
polymer of the fonnei 

Boron amide, B(Nll^)j — The lui'paratioii of this compound has been 
already dcsciibcd (p 2d). It has not yet been piepaied in a state of pniity ; 
the accompaiiMiig amniomiim salt can be remoxed partly, but not entirely, 
by washing with li(|nid ammonia 

Boron imide, b(‘st pi(‘j>ared by beating the compound 

fiNIl j at 1 1.")“ to 120“ 111 a lapid stieain of ainnuuna foi some d.iy^ — 

B,S.()NII, H,(NJl), + dMI,.81l. 

Other nuTliods of foimalion ha\e b(‘en already iiKUitiomd (pp 2d, 2t) 

Boion imid(‘ is a light, whiU' powder, iiisolublo in .ilcohol, eth«*i, carbon 
disnlplnde, and iKpnd amnionia. it begins to decompose at 120 '’ to I'dO" with 
the cxolutioii of ammonia, and at a slightly highci tciupeiatuK' is con pltlely 
resohed into boioii nitiide and ammonia. When boiled with wiilci, boron 
iinide IS decomposed into ammonia and bone acid 

J3oion imide is a feebly basic comfiomid, and wbcui addeil to iKpiid hydrogen 
cbloiidc it foinis a white liydioi'Iiloiide, lb{NH), dJldl, insoluble m oiganio 
media, and decomposed by heat oi water 

Boron phosphide, BB, is pie[)ai(‘d by heating 1)01011 })hosplio-iodide ,to 
tr)0‘'-r)00'’ in a cnnenl ol lixdrogen The iodine can also be iinioved from 
the pbospho-ioduh' liv beating with meiemy oi sihei Another method 
of ])repaiation consists in beating the compound BBi’ji'llj to dUO', when 
hydrogen luoimdo is elimniated 

iioroii phosphide is .i light, anior])lions, maroon-colon led powdei, insoluble 
m the usual iiioii:anic and ore. line solvents It bums in i-bloiiiie in tbo cold 
and 111 biomine when w.iiincd , at 200 it bums biillianllv m oAygeii, and it 
also reacts with he.itivl sulphur It is not alh’cted by iodine, mliogeu, 
phosphoms, oi ai.semc exeii at a icd beat It is atta(Ke<I by numerous 
metals at a red beat, iind is easilv oxidised by eoncenlialed nitiic aeidoi fused 
alkali nitrates 

W'hen heated in hydiogeii at 1000’, a biowii boron SUbphOSphidc, 
IS piodnced wliieliis much less leadixe than the ])hi)sphido 

Boron phospho-iodides.— The Uimpemid Bl’h is juejiaied hy acting 
upon boron tri-iodide with phosphoms in c.iibon disnliilnde solution, and, in 
a carbon dioxide atmosphere, washing awa\ the iodide of phosphorus 
simultaneously produced with a fmther (ju.mtitx of cailaui disulphide.’'' It 
is a dark red solid which melts in rart/asit 100" to 200“ and snhliines at higher 
temperatures, ('hlonne, oxygen, and in.iiiy metals attack it vigorously, and 
water immediately decomposes it, among the piodiicts being hydriodic, 


^ Wohler and Doxillo, /oc Darmstadt, ior cU. , Moeserand Eidrnann, loc. at. ' 
a Stock and Blix, , 1901, 34, 3039. 

* Moissan, Compt. rend , 1891, 113, 726, 787. 

* B«880D, ibid., 1891, 113, 78, 772 

“ Moissan, Compt. rend.^ 1891, 113, 614. 



ALUMINIUM AND ITS CONGENERS. 


A2 , , 

phosphorous, and boric acids. When heated to 160* in hydrogen it is reduced 
to the compound 151*1, which sublimes tn vacuoy forming orange-yellow 
brystals, and closely resembles the other phosplio-iodide iii piopertios. 

Eoiion and the Cabdon (Jboup. 

Boron carbide, 15^,0 — Thi.s compound was isolated 111 small quantities 
by Joly in 1883 ^ from among tlio products of the inteiaction, in a caibon 
crucible, of boron ses<pii-o\ide and aluminium. Later it was prepared in 
quantity by Moissan,- by heating to 3000’ m thoelectiic furnace a mixture of 
' sugar carbon and amorphous lioron contained m a caibon crucible. A cheaper 
methoci of pieparatioii consists lu employing hoi on sesqui-oxidc and petroleum 
coke as starting niatciials, the former licnig fed through a hollow graphite 
electrode on to a layer of the latter eoiitamed m a giaplntc crucible which 
forms the other clectiode^ The pioduet is purified from graphite by many 
treatments with boiling nitric acid and potassium chloiato, followed by 
treatment with boiling suljihuiic acid 

Boron carbide founs brilliant bl.iik ciystals, of density 2 ol, and melts 
. at 23502.'^ The caibidc conducts eleetiieity It is extremely hard (haider 
than silicon carbide) and can be used iii diamond polishing. It is not 
affected by mincial acids at the boiling lempmatuic, sulphur at oOO", 
nitrogen, phosphorus, bromine, or iodine at a bright red heat. It is slowly 
attacked by oxygen at 1000'’, and by chloime at a somewhat low’er temperature 
When fused with potassium hydioxide it is decomposed with the evolution of 
carbon mono\ido. 

The so-called carbide'^ 15(5 is a mixture of tlie piecoding carliide and 
graphite (Tucker and Bliss). 

Boron thiocyanate, B(('NS)p is produced by sbakuig silver tliiocyanato 
with a solution of boron tnbiomide in ben/eue, and scpaiates from iMSizene 
in short, absteiimg, rliomlsc ciystals From otlier it crystallises in linn 
plates. Tlie thiocyanate is rapidly hyilrolysed by wati'r, and its action upon 
aniline indicates that it possesses the sliuoture of a tlnocyanate rdtlier than 
that of a thiocaibimide.’’ 

Boron Alkyls, B((V,JL„+,),.— Although at present a hydiide of the 
molecular formula BlI , is unknown, the boron tiialkyls ha\o been known for 
many years. They aic pnqiarcd by tlic action of zinc alkyls on trialkyl 
esters of ortholioric acid " Boron trimethyl, B(CII.^)^, is a gas at ordinary 
.Aempcratiires , horon triethyl, h(f'd !-,).„ is a volatile liquid Both arc 
readily comhustible, burning with a gicen llainc, and they combine readily 
with ammonia The vapour densities correspond with the above formulaj. 

Boron Silicides, B,Si and B^^Si. — These compounds are produced when 
, a mixture of erystallinc silicon (5 pts ) and amorphons boron (1 pt ), packed 
in a refractory earthenware tube, is heated for 40 to 60 seconds by means 

an electric current of 600 amperes at 15 volts. The outer portions of the 

y * Joly, C(ynipt. rend., iSS.*?, 97 , 

® Moissan, ibid , 1894, 118 , 5.'i6. 

' * •.Tucker and bliss, J. Amrr. Chem. Soc , 190C, 28 , 605 ; Tiickci, D.E P., 206,177;' 
; V»‘Ti®d 0 and Hinibrciuer, Zeifsch anory. Chem , 1914, 87 , #129. 

• Princ and Fielding, Tians. Chem. Soc , 1909, 95 , HU7. 

: ^ *MuhTh au&er, Zeitsch. anorg Chem , 1 893, 5 , 92. 

• Cocksedge, 7'rans. Chem. Soc , 1908,93, 2177. 

• Pranklandand Duppa, Pkd. Trans., 1862, f^ 2 , 167 ; Proe. Boy. Soc., 1376, 25 , 166, 
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product and those portions which were in proximity to the carbon electrodes 
are discarded, and tho remainder ticated with a cold mixture of nitric 
and hydrofluoric acids to eliminate free silicon The icsidue is puriflcd 
by heating for half an hour with commeicial potassium hydroxide, which 
is just melted but not dehydiated After washing with w’ater, dilute nitric 
acid, and boiling water, and drying at 130“, a mixture of the two silicides is 
obtamerl 

The silicide is left when the mixtuic is heated with an excess of 
boiling nitric acid, the other compound hcing (“omjilctely decomposed. It 
forms black, rliombic plates which arc tian^paicnt and yellow or brown 
in very thin layers. Tho density is 2 r)2 It easily scratches quarts 
and ruby, but is softi‘j than hoi on carhidc Fliioiino, chlorine, and 
bromine attack it in inci casing oidci of (Iilliciilty, and it is only superficially 
oxidised by air or oxAgen at a icd^hcat It is ia])idly oxidised by fused 
anhydrous potassium iiydioxidc, less lapidly by fused alkali carbonates, 
and not at all by fused alhali nitiatcs Boiling (onccntiatcd sulphuric 
acid slowly oxidises it 

The silicidc l),Si is isolated fioin a mixtuic of the silicidcs, in winch it is 
more abundant than tlu' oth(‘r, by licating witli fus<d anhxdious piiUissium 
hydroxide It foims thick, opiujuc crystals of density 2 17. in chemical 
properties itreseinhles ihe other siIkmiIc, except in its bchaMoiii tow aids fused 
potassium hydioxido and boiling nitiic acid ^ 

Dmiif TioN ANT) Estimation oi«’ Bouon.^ 

Boric acid, or a hoiatc moistened with conccntialcd siilphunc acid, imparts 
a green colour to tho flame Tlie matcTial to be tested should bo introduced 
2 centimetres above tlic top of tin* Bunsen burner, and should not be 
brought closer than 2 millimetic.s to the visible edge of the flame, in order 
that other suhstaiices may bo preventt'd fiom tinging the flame. green. The. 
coloration is best seen tangentially to the flame, and a hydrogen flame is 
pieforahle to the ordinary gas llaiiic ^ The flame of a huining alcoholic 
solution of an alkyl boiatc is als«i coloured giecii ((1. (ieoflrey, 1732). To 
utilise this fact lu qualitatne anal} sis, the material iindei examinatioD is 
mixed with concentrated snlphuiu- acid and alcohol (jirefoiahly methyl 
alcohol), the alcohol ignited, and the niixiinc stirred * This test is not 
reliable in the presence of clilondcs, phosphates, mol}hdatcs, barium, copper, 
thallium, and tclluiiiiin, and luoi cover, it fails to detect boron in many 
minerals Glycerol may he used instead of alcohol ; in this case the sub- 
stanoo 18 heated with a little sulphuric acid until excess of llic latter has 
been diiveii oft’, the residue moistened with glycciol and a light applied.® 
A more delicate and xerv chara<-(ciistic lest consists in heating the substance 
with calcium fluoride and concoiitiatcd sulphuric acid and leading the evolved 
gases into the Bunsen flame. A mcic trace of boron trifluoride will tinge 

1 Moissan and Stock, Compt nwf , 1900, 131 , 139, Ann. Chini. 1900, [vii.l,‘ 

20 , 433. 

® A very full arcoiiiit of llio anal}tic:il rlif inistiy of boron, and copiouB rofcronces to the 
literature, will bo fduiid in Mollor, A T/ratisc on Quantitative Inoraanic Analysis 
(Griffin k Co , 1913) • ' ' , 

• Diculafait, Ann. Chun I'hyi., 1S77, [v ], 12 , 318. See also BorntrngPi, Zutsch. anal. 

. Ohem., 1900, 39 , 92 

* Dieulafajt, loc cit . ; (jilni, Her , 187^ II, 712 ; Lonher and Wells, lide infra. 

, • lies, Chem. News, 1877, 35 , 204. * 
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the flame a vivid irroen ‘ The pfrccii flame of hniic acid, an alkyl borate, 
or boron fliiorido gives a bo.iutifiil band spcctium in wlucli three pronimcnt 

bands are (‘asily rocogmseil, the ina\iina being 

situated at \ htSO, X niyo, and X 10.10 (fig 3).2 
Silver niliate gives a white pieeipitatc of silver 
nielaboi.itc with a eoncentiated solution of b()ia\, 

^ and a blown precipil.ite of silver oxide w’lth a 

t ^ dilute solution 

— — — '*■ ' The colour of tnrinenc pajier, when dipped into 

r i z a solution of boric acid (or of a borate acidified 

■ — w'lth hyilroehloric acid) and then diied at 100°, is 

changed to a characteristic reddish blown (IF. Rose), 

or, with meie tiaccs of lioiic acid, jnnk. In using 
_ ■■■■-- this delicate test for boiic acid it must be re- 

iiKunbered that ziiconic, tantalic, columbic, and 
molybdic acids pioduce a similar coloration The 
test IS rendeied more delicate by the presence of 
o\ali<' ,aeid , ’ the riwldish-brown colour changes to 
/o . , . a grt'eiiish- or bluish-blacK when sodium hydio\ide 

\c99Pjff“ 'I H added ‘ Hone acid turns tinctiuc of mimosa 

^ llowers yellow, and this is in tuin changed to a 
g biick-ied coloui when sodium eaibonate is added ® 
f w Boric acid is niMitial to litmus and methyl 

0 orange, and hence the mi't.il picsent m an alkali 

2 borate may be titrated with acid as if it wore 

£ present as alkali hvdio\id(‘‘’ 

« Hoiieacid may lx* (‘asily and accurately titrated 
^ as a monobasic a<Md, thus - 

1 iI,R0., + ]S'a0IU-Nal30.. + L>ir,(), 

(l9n)u J. 1,1 prosi'iiec of etoess i)f ulyoerol (30 per cent. 

^ by \olume) or manitol (0 1 giam per cubic eenti- 
^ metro of solution). Tin* latter is the more con- 
venieiit to iiso , owing to the slight aeidity of 
commeicial glyceiol, it is neces'^ary to carry out a 
blank experiment when that substance is employed. 


/c K B ^Si a ' Aifvedsoii’s test. See Iloss, C/iein Xcivs, 1883, 47, 186 ; 

(0C9S)*fr K.inimoioi, Zt'Mi. ami. Chem., 1873, 12, 375 ; Chapman, 

(9£9S)*ir (%in. News, 1877, 35, 36 ; C lo Nevp Foster, ibid., 1877, 35, 

_____ § 127 , Spindler, Chem. Zexi , 1905, 29, 660, 582 ; Castellaiia, 

■ Mead. Linrei, 1905, fv. |, 14, 1. 465 , fluzzclla, 1906, 

36, 1. 232, Lenhcr and Wells, J. Amcr. Chem.Soe., 1899, 

21, 417. 

^ See p. 12 for refcrencps. 

® Cassal and Gerraus, Chm News, 1903, 87. 27. 

* For the tuimenc papei test, sco Kuliscli, Zcitsch angew. 
§ Chem., 1894, 7, 147 ; Lenhcr and Wells, loc. cit. , W. H. Low, 

(o vide infra ; Bertrand and Agulhon, mde infra ; Jay, vide 

infra'. Price and Ingersoll, Bull. U.S. Dept Agric. {Chem.), 
(g0ig)n^ ' ' ~ 1912, 137, 115; Halphen, 0.^7171. Falsif., 1915, 8, 1. 

® Robin, Compf. rend , 1904, 138, 1046; Bull S'k. ehim., 

1913, [v ], 13, 602 

• Gay Lussac, Ann. Chun. Phys., 1830, 40, 398; Joly, Compt. rend., 1885, XOO, 108; 
Rimbach, 1893, 26, 164. ’ . 
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Alkali hydroxide free from carbonate should bo used for tho titration, and 
phenolphthalein must be used as indicator. Prior to tho addition of Iho 
glycerol or mannitol, the solution, which should bo slightly acid, is mado 
accurately neutral to metli}! onuigO or paraiiitrophcnol and freed from carbon 
dioxide by boiling for a few minutes, a rellux condenser being employed to 
prevent loss of boric aoid. (or bcttci, the s«)lutiou being boiled under diminished 
pressure).^ Alannitol oi gl\eerol is Llieii added and the titration of the borio 
acid carried out. iMmcr.il borates soluble in liydrocldoiic acid maybe readily 
analysed by tho method here outlined.-^ Iloiic aci<l may be tiLiateil with 
alkali hydroxide without adding either glycerol or mannitol, if tropa‘olin.0 
(i.e. sodium para-ben/ene-azo-iesorcinol-sulphonatc) is used as indicator.^ 
Poron IS determined in minerals (cv. touim.ihne) by fusing with an cxcoss 
of fusnm nnxtuio, acidifying with hydioehloiic acid, and titrating tho boric 
acid piodiiced by tho piocedure alii‘ady outlined. It is, however, first 
necessary to separate tlic bone aeal from the other suhstaiices piesent. 
Tins is cflected most eoiiveincntly hy adding a large excess of anhydrous 
cilcnnn ehloudc, a little ])iire metli}! alcohol, and heating to hoilmg while 
asticamof methyl alcohol vajiour is hlowm Ihiough the lupiid. Tlio boron 
is volatilised ,is tiimctliyl boiate, and, togethei witli an excess of. alcohol, 
IS conilensed in a suitable receiver A (hrided excess of sodium h}dioxido 
is then added to the distillate and the alcohol disLillcMl from the liquid, when 
an aipieous solution of si^clnim borate remains ‘ 


^ All allfill. |Mocf'hiif (‘oiisists in ('linuiuting cuibon ihnxidf fioin tho sli^litly acid 
(li}(liofhliiiif) hDluUon, lidding a slight ewss nt piil.iSMuiii i<ididi*-iodato iniMuiP, and 
bleaching tlic hbciatod lodiiio with sodimn tliMsulphalc In tlii'i cast* metals which are 
prci ipilalfd as Indinxidfs h} tho lodido lodalo inivtme must ho al^mt 

“ R T Thomson, J /m/ , 181M, 12 , 43‘.> , Schaak, xhd , 11104, 23,699 ; 

Iloiiig and S])it/, Zidsth aiHfCU' (% in , 18116, 9 , ,^49, Ij C .tones, Avnr J .SVi,, 1899, 
[i\ 1, 7 , 1 17 ; 8 , Vll , (lopaux, Compt umL, 18J8, 127 , 706 , Stock, ihid,^ 1900, 130 , 616 ; 
(’opaux and Ihntoau, Bull. c/nra., 1‘109, [iv }, 5 , -M7; Saigeiit, ./ Avin Vh»m. Soc.^ 
18110, 21 , 858 , W H Low, ibul , 1006, 28 , 807 , Wheiiyand Chapin, ibid , 1008, 30 , 1687; 
liindgiiMi, , 1915, 37, 1 r)7 , -Mandidhaum, anoKj Chnn ,1009,62,861, H. Biltz 

anti Maioua, ibid , 1912, 77> 1 Bniot du .lasvuiiM'ix, Ann C/nm. Phvn , 19o9, [viu,], 17 , 

It." Tlicio IS an extensive liLeiatuin de.iling with ihc pslimatioii of bone acid in foods; 
see, e 7., R T Tboinsini, Anidmt, 1S06, 21 , 64 , Crihb and Ainaud, And , 1906, 31 , 147 : 
Shiewsbiin, ibul.y 1907 , 32 , 5 , Ricliardsoii and Walton, ibid , 1013, 38 , 140, Manning and 
Lang, J Soi' (%m Lid, 1007, 26 , H 0 '{ , .Mlfii amt Tankaid, 7Ve</ ///.,/., 1904, fiv.J, 19 , 
‘ 212 , W JI Low’, loc cd. i’oi tho ditfilnni of ti.ices of boiux 111 oipanic matter, see 
Beiliand and Agulhoii, Bull. Sot. chnn , 1010, fiv ], 7 , 00,12.5, (louipt. icnd., 1913, 157 , 
1433; Jay and Iliijtasqmoi, ihid , 1805, 121 , 260, Jay, ibid, 1914, 158 , 357 ; Filippi, 
Ann. cliim apphratn, 1914, I, 564 

® Piidcaux, Z>'itsc1i aiunq. ('hem , 1013, 83 , 362. 

* Wlieiiy and Chajnn, lor. cit , Sluelc, loc cit , Copaux and Boitcaii, loc. rd. ; Sargent, 
loc cit.', W. If Low, lo( lit , Mainltlhaum, lor cit., liiiut du Jassoiiinix, foe. cd. The 
separation of hoion us tiimetliyl ]>oiate was hist developed into a qu.intilalivu method by 
Gooeh (Ainc). ninn. J.. 18s7, 9 , 23) and Roseiihladt {Z(iL\ch. anal Chnn., 1887, 26 , 2lji. 
The giaiimplric oslimation of boion i.s dillienlt and tedious, and oileib no advantages over 
tho volunicliic eblimation. The only lehahlo molhod is to hydiolyse the methyl borate, 
fiGparated by tho distillation })roee.ss, with a known excess of pure hiuc, carefully evaporate. 
Ignite, and determine tho lucioase m weiglit of the lime, whicli is due to boion Bosuui-oxide. 
This is Gooch’s molhod , tlie lime may ho lejilaccd by sodium tiiiigstato accoiding 10 Gooch 
and L. G. Jones {Amcr. J Bci., 1899, [iv.], 7 , 34). Tho distillation of tlie methyl 
borate must bo .so ctfected as to jircvoiit the foiiiiatloii of dimethyl sulphate .or methyl 
chloride. For details, sec Gooi^i, loc. cd , Gooch and L. G. Jones, loc. cd.', Moissan, 
Compt. rend., 1893, Il 6 , 1087, Poiifiold, Amtr. J. Hci., 1887, 34 , 222 ; Arndt, ChMm, 
Zed., 1909, 33 , 725. For the estimation of boron as hoion phosphate, see Mylius and 
Meiisser, Ber , 1904, 37 , 397; as potassium borofluoride (the old method of estimation), 
see Stromeyer, Annalen, 1856, XOO, 82 7 ThaddcclT, Zedsch. anal. CAm., 1897, 36 , 668 ; 
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Perborates, when shaken with potassium dichromate solution and ether,, 
give rise to the blue colour of perchroinic acid.* Tlicy may be analysed for 
available oxygen by titration with potassium permanganate in acid solution 
and by other methods. ^ 


Adden'dum 

Boroethane, — The actum of chlorine and bromine on this hydride 

of boion has been studied by Stock, Kuss, and I‘nehs {Ikr , 1914, 47 , 3115), 
Chlorine causes explosions at ordinary teinpeiatuies, but bromine reacts 
slowly, oven m the light , at 100 ", however, the change is complete in a few 
hours. One half of tlie halogen used up is recovered as halogen hydride, i.e. 
the reaction is one of sn/jsUtufiony and boroetliane behaves as a saturated 
compound. The maximuin valency of boron towards hydiogen is accord- 
ingly four. 

Excess of halogi'ii loads to the pioduction of the unimolocular halides, 
BXg, and not to 1 » 2 X^- In oidor to trace tho niechaniMu of these changes, 
the action of the halogens on excess of the boron hydiidc was sludiedand 
the following conclusions 1 cached Tho initial piodiicts aie sueli piodiicts as 
BjH 4 X 2 »and BjUgX^, which speedily decompose, without the elimination of 
halogen hydride, yielding BjlIgX and B. 2 II,, on the one hand, aiul BXg on the 
other. Thus, of tho various halogenatcd deiivativcs tluMn-etic.illy jiossible, a 
mixture of tho extremes is produced No cMdence of the existence of 
BHXg, BHgX, BolIXr,, and Ibll.jXj could be obtain(‘d 

The monochloi ulcy 15^11.(11, is a spontaneously mUanim.'iblo gas. Tho 
monohrorrddey B.,lf.Br, is a colouiless gtis with an nutating o.lour. It melts 
at 104" and boils at c. 10 (J The \aponr jircssuie is as follows ■ — 

Temp. "C -80" -70" -GO’ -hO" - 10 " -30’ - 20 " -10" - 5 " 

Vap. press, ill nims. 3 0 IG 30 7)3 IG 2 255 33.5 

It burns with a pale green Hanic and funu'S in tlie air owing to its icaction 
with water : — 

B ,1 1. Br -f 3 \{J) = IbO, + 11 Hr + 5 1 1 , 

It immediately reacts with potassium liydroxide to form tho li\[)oboiato 
KOBH 3 . It does not leact with sodium, however, to any extent, so tliat tho 
hydride B^H^ cannot be thus pioduced. 


ai boric acid, by cxLiuftion w'lth ether, hce Pjiilhcil aiul Rose, yfrrJi Phaim , 1904 , 242, 
477. For a bibliography and a ciitical exaiiiiiiation ot various piori’BM'i that havo been 
recommended from time to time, see Sargent, cit , cf Rei.srhie, (morit. C/iem.. 

1898,4,111 

* Lenz and Riclitor, Zcitsrh. anal Chnn.y 1911, 50 , 537 ; Rio'srnteld and Man, Ber.y 
1911,^, 3589 ; JJosshard and Zwicky, ZeUsih. angcir Chem,, 1912 , 25, 938 , 993 

* For which, see Fairar, J. ,SV Zl»/rr», 1910, 26, 81 , Rii])p and Alielck, Arch. Phirm., 
1907 , 245 , 6 ; Len/and Richter, loc, cit. \ Littersclieid and Guggiaii, Chem. Zeit., 1913, 37 , 
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ALUMINIUM. 

S}inl)(il, A1 Atomic weight, 127 1 (O-^IG) 

Occurrence. — Almnmmm IS the most iilmiul.inl .iiul tlio most widely dis-. 
tiibuted of Jill the metals (Vol. I Chap I ), Imt it is iio\ei found iii the free 
state Among tlic moi<3 simple mmei.ils in whieli alumiiinnii occurs are the 
following — 

Corundum. . ACO, Cahinte . Zn\l.,0, 

Uiaspoio . Al.OjUp Cnolite . .Na,AlK,, 

Hydrargilhte AloO, .‘llip Wehsteiite AI..b.j.s6,.9U.,() 

Clirysoheiyl HuAl/), ‘ Alunogen Alo(HOjj 181^0 

Spinel MgAU), Aluiiito Al.Jso,)j -I Al(blI)j.K 2 S 04 

Bavxitc IS a hydrated o\ide of alunnniinu containing more or less ferric 
oxide , iunjnohse, a hydiated alummnim jiliosphato 

Aliniiniium is an essential coiistitueiio of innumerable silicates, which form 
the liasis of most rorks and c/ai/t> Of (lie ulieates, oi thodase, KAlSigOg, is 
tlio most important, as it hums the chief constituent of granite, syenite, 
gneiss, etc l>y tlie weatheiiiig of oitho<‘lase, the mineral kaolin^ 
AljSigOy 211./), is pioduccd Othei important silicates, such as tho garnetty 
micas, lopa:, Unu nialnie, etc., aio mentioned later (p. 02) 

Aluminium is only found m small cpiaiitily lu most plants, but the ashes 
of certain cryptogams, eg. b/C(gnnlium, contain laige (piantities of aluminium,^ 
Aluminium is contained in tlic atiiiosplieic of the sini 
History.— The tfum “ alumeii ” w^as applied hy the Homans to all bodies 
of an astringent taste, and among them alum w^as included Alum was well ^ 
know'll to Ccher and the later alchemists, wdio crioncously classed it W'lth the 
vitriols. This eiior was collected by Paiacelsus. The earth present in ^ 
alum was for a long time supposed to he calcareous In 1746, Pott stated 

that the basis of alum is an aigillaccous eaith, and in 1751, Marggraf showed 
that aluiniiia and lime are two (juitc distinct earths, and that alumina is 
present iii clay, combined witli silii’a 

By the early years of tho niiiGtceiith century alumina was regarded as the 

* Yoshida, Tram (Item. Sor , 1887, 51 , 748 , L’Hute, (\wipf rend., 1887, 104 , 868 ; '* 
Demaryay, tbul , 190i), 130 , 01 , HerLhelot an<l Audu', diul., 1805, 120 , 5 ^ 88 ; Kratzmann, 
Phann. Post, lOl-l, 47> 1*^® » Ijaiigworthy and Polri, The Onurrcncc oj Alv/niiniwny 

in Vegetable, Annual Pioducts, and Natural Walcis (Wiley A Sons, 1904); Czapek, *'<1 
BioeJumie dvr PJlanzcn (Jena, 1006), vol. 11 . p. 866 ; H. G. Smith, Chem, News, lOOS, ’ 
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DXide of an unknown metal, which H. Davy unsuccessfully endeavoured to 
isolate. Aluminium was isolated by Wohler in 1827. 

Preparation. — The oxide, bulphidc, and halides of aluminium are very 
stable compoiirids, and the preparation of the metal by chemical processes is 
somewhat ditlicult From thcrmoehcmical considerations, it may be deduced 
that the most successful methods would be those in which an aluminium 
halide is reduced by fusion with an alkali metal. 

It is possible that aluminium was obtained by Oersted in 1842,^ but it is 
generally ackiiowlefl^i'd (li.it the ineiit of having first prepared aluinuiium 
and studied its propcities belong to Wohler, who, by heating anhydrous 
aluminium chloride with potassium, obtained the metal fust m the form of a 
grey pow’dcr w’hich became biilliant w'hen burnished, and subsequently as 
fused metallic globules - 

In ISol both liunsen and DomUc succeeded in preparing aluminium by 
electrolysing the fused anhydron chloride, and m the same year Devjllo 
commenced his classic work on the manufacture of aluminium by icducing 
aluminium sodium chloiide with metallic sodium*^ 'i’he following year saw 
the introduction of auothci process, namel}, the ie<luclion of ciNolite by 
fusion with sodium This method was wmrkofl out by Percy in Fngland and 
by Hose in (fermany ‘ Jjater, Grabeau reduced anhxdious aluminium fluoiide 
by moans of sodium, and obtained alimiinium of remarkable puiity 

At the picseiit time the oiiU method by which almninmm is pioduced on 
a commercial scale is an eloctiolytic method, dcxeloped iiidcqieiidently and 
almost aiinultaiioously in 1880 by G M Hall in Anieiioa and P V. Heioult 
in France. Alumina is dissolsed in molten cryolite and elect loUsed, when 
aluminium sepiiiMtes out at the cathoile.'’ Attempts ha\c been made to 
electrolyse alunimiuin sulphide dissohisl in fused sodium sulpliide, but they 
have not yet been commercially successful ' 

The necessity for finding a sohent for the alumina aiises from the fact that 
its meltmg-pomt IS 2010° to 2050'. The im'Uing-poiiit of cryolite is a little 
below 1000“ In order to produce a more flui<l hath, other liuorides aic added 
to the cryolite, e.y aluminium lluoiide and calcium lloride 


^ See Bcr/clius, 6, 118; Oei^tcd, C/irrs K. Vidnnl'. Sdbtk, 

Forhandl , 18J4--182ri 

* Woliloi, Pogij Annalrn, 1827, il, 146, Ann Phys., 1828,37, 66; Annulcn, 

1836, 17, 43; 1840, 53, 42J 

^ Bunsen, Poyg. Anmlcn, 1854, 92, 648 , Dcville, Ann, Chun. Phys., 1855, [111.], 43, 5 ; 
1856, [ill.], 46, 415 

^ * Rose, ]*ogg. Annalen, 1855, 96, 152 , Ann. Chini. Phys , 1855, [iii ], 45, 369 , and see 
also Phil. Mag , 1855, [iv J, 10, 364. 

® Giabciiu, Zi'itsrh. angeiv. Chan , 1883, i, 70S, 1889, 2, 149 

• Hall, U>S Pat., 4110,664 ; 400,665 , 400,666, 400,667; 400,766, IJeioiilt, i’r. Pat., 
176,711 (1886) , see also J. Ivd Kng Chem , 1911, 3, 143. The following p.iiiers may also 
be referred to J. W. Kichaidii, Klfdiinhan Ind , is»03, i, 158 , Xeifnih hJ/eUtoclu m., 1895, 
1, 867 ; Haber, ibid., 1902, 8, 607 , 1903, 9, 360 , lUber and Oeipert, ilnd., 1902. 8, 1, 26 ; 
Neumann and Olsen, ibid., 1910, 16, 230, Tliwmps«m, Electrnr/um. Ind., 1909, 7, 19, 
Itichardson, Trans. Anier. Eleclrochem. Hoc., 1911, 19, 159; Fedoteev and lljuniVy, Zcitseh. 
< 4 inorg. Chim., 1913, 80, 113 , Bock, Zeiht'h.angew Chan., 1909, 22, 1309 ; Piisclun, Dischler, 
.and Maksimenko, J. Russ. Phys. Chem. Soc., 1914, 46, 1347 , also aiicli text-books as 
Allmand, Applied ElrUrochnmitry (Arnold, 1912); Slainshclil, The Electric Ftirnaee 
(M‘Qraw-Hill Book Co., 1914) ; Dony Hdnault, Gall, and Vuye, Prinapes et appheutwns de 
'yeUUrochimie (Pans and Liege, 1911), J. \V. Kiebaid.s, Aluminium (Sampson Low, 
^arstoii A Co., 3rd ed., 1896); Miiict, Ualiiminiuni (Pans); Thoipo, Dictionary of 

ChtmisVnj (Longmans &: Co., 1911), vol. 1. 

Buoherer. D.KP., 63,995 (1892) ; Gm, D.R.r,, 148,627 (1902). 
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The equilibrium diagrams for tho systems (i.) alumina— ci'yolite^ (ii.) 
alumina— fluonpa)\{\\\ )cryolite—jiuors 2 m\(\y.) cryolite — alumina —fluorspar^ 
and (v.) aluminium fluoride — sodium fluoride liaAO ))Con partly or wholly 
deterniiiied. The lii^t ihiee systems have been studied by Pascal and 
Jouniaiix,^ whoso lesiilts are shown graphically in figs 1 and 5 In each 
system, two senes of mixed crystals aio formed, and the “ liquidus ” curve 
consists of two l)ranch(*s meet mg at a oiitcctic point. The teniaiy system as 
worked out by tlio saiiu’ expenmcaitcis is shown graphu’.dly in ligs. fi and 
7, whieli icprcseiit tlio “iKpiidiis” and “solidus” lespeotively. The 




Fuj 4.— l''<jiiilibniiiii (hagi.ints lor Ki<. 5. — Eqialilaium diagiuni Iiu tli(5 syhLoni 
tho systoiiis (I.) Ilunispfir - - ciyoliU*— lluoibpui. 

alurauio, (II.) ciyulitc— ttlumiim 

isothermals are given for a series of tempeiatuies separated by intervals of 
50°. The ternary eutectu! ])omt is and eoire.sponds to a nnxtuio of the 
following composition cryolite*, nl) .'1 pei cent ; lluoi.'sjiar, 23 0 per cent.; 
alumina, 17’7 pei cent In actual pi.ietici*, according to Pascal and Jouinaux, 
alumina is added so as to constitute 10 to 25 per cent, of the ulunnna-cryolito 
mixture, and fluoispar is added u]) to 3G percent, of the w’cight of the cryolite 
present The working compositions are thcieforc includefl in the trapezium 
bounded by tho lines hV;, Fr, hv^ and Aa Tins trape/iuiii inclurles tho eutectic 
mixture, and no mivture in it has a ineltingqannt higlier than J)80“. . Tho 
tempcratuie limits adopted in practice aio given by Pascal and Joiiniaux as 
875“ to 950“. 

The system aluminium lluu) ide - sodium fluoride has been studied by 


* Pascal and Jouniaux, Bui/. Soe. chim., 1913, [iv ], 13, 439, Krv. 1914, 

XZ, 1069 ; cf. Pyiio, Trans. Amer El'dineh'm. Boc., 1906, xo, 63, Muldenliauer, Metallurgies 
1009, 6, 14 ; Loieuz, Jabs, and Eilul, Zeilsfh. anutg. Chein , 1913, 83, 39. 
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Fedotdov and Iljinsky,^ whose results are shown graphically in fig. 8. The 
branches AB, BCD, and DK correspond to the solid phases NaF, SNaF.AlFg, 
and 5NaF.3AlF, respectively, and the latter compound bioaks up at 725“ 
into 3NaF.AlFj and AlFj. It will lie seen that the addition of aluminium 
fluoride to cryolite produces a readily fusible mixture. Fedolcuv and Iljinsky 
.recommend that the solvent for alumina should be prepaied by adding 
Bufficient aluminium fluoride to cryolite to give the ninxlure the composition 
G (fig. 8) ; that the temperature should be maintained at 900“, and that the 
quantity of alumina added should not exceed 7 5 per cent of the weight of 
the solvent. If pure cryolite be used as solvent, Fedoteev and Iljinsky 
recommend that not more than 10 per cent of alumina be addc'd 

It is essential that the molten metal shall be liberated at the cathode in 



Fk-, 0, — Tho system ciyohto— alumina— Ihioispar Projection of " iKpiidus," 
Contour lines for each SU" dillereiice in temjieratuic. 


a medium of lower specific gravity than the metal itself At the ordinary 
temperature, aluminium is loss dense than cryolite , fortunately, however, 
the reverse is true at high temperatures, as will In* seen from tlio results 
tabulated below and represented diagrainmatically in lig 9 ^ 


Temperature 
Density of A1 (h([Uid) 
Tempeiature 

Density of cryolite (liquid) 
Temperature 

Peninty of cryolite (liquid) 


658” 

682’ 

740’ 

802’ 

868 * 

925’ 

1000 ’ 


2 4d 

2 45 

2 43 

2-41 

2-39 

2-37 

2-35 


972* 

975* 

978’ 

979* 

995’ 

1003’ 

1018’ 

1032’ 

2 '185 

2-197 

2 203 

2-197 

2-220 

2 209 

2’190 

2-189 

1039’ 

1048’ 

1061’ 

1069" 

1075’ 

1070’ 

1083’ 


2-177 

2-167 

2 154 

2 139 

2-1-29 

2 113 

2-102 



It will be seen that molten cryolite, like water, has a point of maximum 
density, the density then being 2-22 and the tomperaturo 995'. The density 
cryolite is diminished by the addition of silica and increased by the 
' ' Idition of calcium fluoride (see fig. 9); thj influence of alimnna on the 


* Fedoteev and Iljinsky, loc cii ; soo also Lorenz, Jabs, and Eitel, Ziitsch. anorg Chem,, 
1^1918, 83 . 39, 328. 

* Pascal and Jouniaux, Bull. Soc. ehiin.f 1914, [iv.], 15 , 312, 
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density is rather complex, but unless a large quantity (over 20 per cent.) is 
added, the density is diminished (see fig. 9). The deiiHitios of the com- 
mercially impoitaiit ternary mixtures of civolite, alumina, and lliioispar at 
950 aic shown graphically in iig 10, it “will be scon that they are less 
than 2 40, and in actual pr.icticc the picsencc of a little silica in the cryolite 
makes them all a little lower tlian the \alues gi\en in the diagram, 

the Jlall and ili'roult pioeesscs only difibr sliglitly in the nature of the 
plant employed, and pcrliaps to borne extent in tiie eompobition of the electro- 
lyto adoptcfl. Each Hall cell consists of a rectangular cast-iion box, 
6x3 .1, thickly lined with caibon. This lining foims the cathode. The 

actual depth of electiolyte in the bath is 6 inches As anode, a large number 
of carbon lorls are used, which dip into the electiolyte and end about 1 





I'lG. 7 —The system cryolite— alnnuna—fliioispar Projection of “solidus. " 

Contour lines foi eacli 50“ dilleiciice of tempeiatme. • 

inch above the level of tlie aluminium at the bottom Jt is therefoie clear 
why the density of the bath must be siicli as to allow ilio aluminium, as 
It 18 produced, to sink lapidly to the bottom, olheiwise, bcsidi's oxidation 
of the metal taking idacc, sliorl eircuiting will occur Aliout 15 to 20 
parts of alumina' me added for each 100 pails of bohent. The electrolyte 
IS roughly cox ered with a layer of carbon, on the toj) of which alumina is 
placed. As electrolysis pioceeds, this alumina is stiried into the bath and at 
intervals the separated aliimimum is tapped off fioin the bottom. 

The current consumed by each cell is 10,000 ampf-res at 5 5 volts the 
CUiTon^t density being 100 amp/dem.'^ at the cathode, and about 500 
amp./dem. at the anode. The cm rent eilicicncy docs not exceed 70 per cent , 
largely owing to the formation of a “metal mist” of aluminium particles 
which diffuse to the surface and become oxidised The least potential 
Oitterence capable of producing continuous electrolysis is 2-1 to 2 2 volts, which ' 
value does not differ greatly from the approximate figure calculated from the 

^ Prepared as desifcnbed later (p 79). 

* Clacher, Met. Chein. Eng., 1911, 9 , 137. 


52 


ALUMINIUM AND ITS CONGENERS. 


heat of formation of alumina. The potential differences required for the 
electrolysis of aluminium chloride, aluminiuin fluoride, sodium fluoride, and 
calcium fluoride arc approximately '2 3, 4 0, 4 7, and 4‘7 \olts ie8pecti\cly. 

The cost of the cm bun anodes, which arc eaten away by the liberated 
oxygon witli the formation mainly of carbon monoxide, is a voiy serious item. 
The anode rods must be evenly haul, very sliglitly poioii.s, and leave \ery 
little ash when burnt They aic usually iii.ide fiom petroleum coke ^ \\"ater- 
power is alw'ays employed in tlic production of the neecs.sary electric current. 
The world’s supply of alumimuni is produced maiidy by the Aluminium 
Company of America, at Niagara, Massena, and Shawingian Falls, the Soci(jt6 
Eleetrom('tallurgique Fran<;aiso, at Fioges, La Plaz, and St Michael, and the 
British Aluminium Comiiany, at Kinlochlcvcn m Scotland The woild’s 
output of aluminium was about 8000 tons per annum from 1900-1 DOo ; since 

then it has steadily inci eased, and 
was about 30,000 tons in 190!).- 
Aluminium produced by electro- 
lysis contains 99 per cent, or more of 
aluminium, the chief impurities biung 
non and silicon A little caibon is 
also present, and in a sample c.v- 
amincd specti’oscopic.dly by llaitley 
and lliunage,*'’ tiaces of sodium, potas- 
sium, calcium, copper, siher, man- 
ganese, lead, gallium, and indium 
were delectisl It is oxtrcmelv difli- 
cult to purify the aluininniin after 
it has once been prodiiC(‘d, and 
hence it is n<‘cessary to employ pure 
materials iii its preparation It is 
for this reas(»n that the carbon anodes 
must be practical ly free from ash. 
,rio 8.— EquililHium (liiigidiu foi thos^slcni alumina is usually prepared from 
sodium IliKiruJc—.iluin innm fliKHide. liauxite by a method described later 

(p 79). The cryolite is not specially 
puriticd, but any foieign metals present arc removed after it has been sub- 
mitted to the action ol the current for a short tune. 

Pure aluminium is host prepaicd by reducing pure, redislilled aluminium 
> * tribromidc with a slight dclieieney of sodium. The trihrornide is mixed with 
sodium and potassium chlorides and heated w'llh metallic sodium in a crucible 
■ lined with a mixture of alumina and .sodium aluminate.* 

Properties. — Alummium is a tin-whitc metal which may be highly 
polished. The commercial metal is extremely sonorous,'' malleable, and 
ductile. It is best w'orked at 100“ to 150“ , at 600” it is easily broken, 
and at a slightly higher temperature it may bo powdered in a mortar.^' 

; ’ Clachci, Met Chem. Emj., 1911, 9 , 137. 

* Thorpe, A Dietxonaiy of Applud (7<c»U'./ry (Loiigiiian.s & Cu , Had cd., 1911-1913), 

’ ■’ vol. 1 . p. 106. •’ , 

^ “ llaitley and lUmage, Trans. Chem. Soc , 1897, 71 , 547 

* Mallet, Phil. 'Irana , 1880, 171 , 1022 ; Chem. News, 1882, 46 , 178. 

® The pure metal iti not sonorous (Mallet, cited by JJaskervillp, J. Ind. Eng. Chem., 
1914,6,183). 

* Granger, Bull. Soc. chtm., 1902, [iii.j, 27 , 789. 
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Aluminium has a crystalline structure when slowly cooled. Apparently the 
crystals are regular octahedra.^ After being worked, tlie inotal is devoid of 




I’lG. 10 — Doiisiiiib ol mixUnes of fluorspar, bikI aliumnaat 950*. 

structure. Cast aluiiiiiiiuui is about as hard ns silver, and becomes harder 
when hammered.^ 

The density of aliiiMiiimni vaiie.s with the tieatnieiit to which it has 
been subjected. The deii.'sity of the cast metal ('containing 0 3(5 per cent. 


* Deville, Ann Chim. Hn/s , is.'iS, [in ], 43, 11 

* For the maiiufacluro of alummmm ioil uiul powder, see CUnllet, liiv. .WlallurgU. 
1912,9,147. 
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Impurities) is 2*703 at 18° C. ; that of the worked metal may be less than 
2*703, but it increases on annealing and may reach the value 2*7085 at 18°.^ 
Mallet 2 gives the density of pure aliimiiiiiim as 2*583 at'^t'C. The mean 
coefficient of expansion between 0° and 100“ is 2 432 x 10^' for liard-drawn 
metal and 2*454 10"*'’ for the annealed metal 

The value of Young’s modulus for aluminium is about G 91 10^ (in 

kilos, per sq. mm ) at 20“, the rigidity being about 2*7 10"^ (in kilos, 

per sq. mm), both these values dimmish consideiably with rise of 
temperature.^ The compressibility is 1*49 xlO"*' per atmosphere.® The 
tensile strength is allected by the form, method of casting, and sub- 
sequent treatment, the ultimate strength being (in tons per sq inch) 

7 in castings, 11 in sheet aluminium, and from 13 to 29 in aluminium 
wire. 

The thermal conductivity of aluminium is 0*3435 at 0“ and 0 3()19 at 100“ 
(absolute units), accoidmg to the measurements of Loienz,^» while .larger 
and Disselhoist" trive 0 1801- and 0*4923 as the corrosjumdiug ligurcs for 
aluminium eontaining 0*4 per cent of co])pcr and 0 5 per cent of non. 
Aluminium is thci ‘fore a slightly better lieat conductor than zinc. The • 
electrical conduelivily is 35 G 10^ reciprocal ohms per cm cube at 0“, 
accordirig to Sturm , w’hile the eonduetivity at 0“ and tempcratiire-cootVicient 
of the resistance (between 0“ and 100“) aic given liy lironiew*ski as 40 1 10^ 

and 4*25 x 10“^ re^jieotivcly for annealed aliinimium, and 3S 5 10' and 

4*10 / 10“^ for the chilled metal ® 

Aluminium molts at 658 ± 1“,^ boils at 1800“,'® and expands at 4*8 per 
cent, on fusion." Owing to the f(U*inatiou of a protective film of oxide, it is 
possible to heat a piece of aluminium wire above the melting-poiiit without 
destroying its shape lloing a metal of low atomic w’eight, aluminium has 
a high specific heat, w'hicli, moreover, has a largo tcmporatiirc-cocfticicnt. 
According to M. 11 (biflitlis and E (Jiiffiths, the specific licat is 0 2096 at 
0’ and 0 22.52 at 100“'*^ Intenncdiate values are given by the expression 
* = 0*20957(1 + 9 161 lO 'V- 1 7 10”*’7-), and hence the mean specific heat 

is 0 2180 between 0" and 100", and 0 2196 between 20“ and 100“. Fur the 
latter value, Schmitz found 0 2191 " Hontscheff has experimented over a 


^ Bnslee, Tram. Faiaday Soc , 1912, 7 , * 2 ‘Jl ; lOl'l, 9 , 16*2, Lnwiy aiid Poiker, Trans. 
Chem. Soc., 1915, 107 , 100.5 

* Mallet, <'hnn News, 1882, 46 , 178 

* Bnslee, lor at , and (fhem .Sari, 1912, 105 , 3, cf. Fizcau, Comyl, rend , 1869, 68 , 
1126; Lo Chateher, , 1889, 108 , 1096. 

* * Bnslee, Tians Faradm/ Sor , 191 :J, 9 , 155 ; Voifit, Wi&l Annahn, 1893, 48 , 674 , 
G, S. Moyer, ihid., 1896, 59 , 668 , Schaefer, Ann Fhysik, 1901, 5 , 2*20, 1902, 9 , 685, 
1124 ; Pionchon, Comyl. mid., 1892, 115 , 162 , Slotte, Acta Sor. Sci. Fennicrc, ffelsinrjfors, 

1899, 26 ; 1900, 29 

* Richards < and ntlicis), t/ Amrr. Chem Sor., 1009, 31 , 154; 1915, 37 , 164, 

® L. Lorenz, JFicil. Annalen, 1881, 13 , 42*2, 58*2 

’ Jaeger and Dissolhnist, IFtss Abh. phys -tech Feichsamtnlt, 1900, 3 , 269 
® Sturm, Inauqural Di'isatntion{Mos{w‘V, 1904); Bioniewski, Ann rkim. Phys,, 1912, 
^yiii.], 25 , 5 ; cf .1. W. Richards, Chern NetV'>, 1897, 75 , 217. 

Day, Sosnian, and .\llen, Amer. J. Sri , 1910, [iv ], 29 , 93 ; Buigess, J. Washington 
Aoad. Sd., 1911, l, 10; Chem News, 1911, 104 , 165. 

Greenwood, Proc. Roy. Soc., 1909, A, 82 , 396 , 1910, A, 83 , 483. 

, “ Toepler, Wied. Annalen, 1894, 53 , 343. 

({■ Matignon, Bull. Sue. chiin., 1909, [iv.], 5 , 91 ; Moniteur Sci., 1900, [iv.], 14 , 367; 
Von Bolton, Zcitsch. Elcltiochrm , IPO^l, 14 , 766. 

w K II. Oiilliths and K. Grillilhs, r/nl Trans., 1913, A, 213 , 119. 

Schmitz, Proc. Roy. Soc., 1903, 72 ,. 177. 
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wide temperature interval Ru'd gives the following values for the specifio' 
heat ^ 

Temp. “C. . -100“ 0* 100“ :100“ .000" 060* ^ 

Specilicheat 0 lS<j;j 0 l>0cSD 0 0 2431 0 273!) 0-3200 

The results may he e\pieshe(l by the formula — 

s = 0'20S00+ 1 X 10-" - 2 9i2.V-’ ^ 10'’+ 1 GhW lO"'®. 

At -193 0' llio speeifio heat of aluminium is only 0 080, and at -263*9 
it has fallen to 0 0024 , at those cvtiemoly low lemperaluros the specifio 
heat IS pioportional to the cube of the absolute tomperatuie - The atoinio 
heat of aluminium at oidinaiy tempciaturcs is lathcr lower than might be 
anticipated, since, adopting the mean specific heat between 20“ and 100*, 
the atomic heat is only 5*0.5 (Inlliths and K (liiilitlis give tlio following 
as the most piobabic ^ allies of the atomic heat of alumimum at various 
tempei.it UK'S -- ‘ 

Temp (abs.j . 32 t" 80" 1*20“ 200^ 250 .300^ 310“ 380* 

Atomiohe.it 025 2 27 3 7-1 5 It 5 54 5 81 5 98 1)13 

The latent heat of fusion of aluminium is 70 to 80 cals, pei giam ^ 

Alummium is jiai.imagiietic, the magnetic susceiitibility at ordinary 
temperature being + 1 8 x 10'" c g s. oh'cLiomagnctic units per unit volnmo.‘* 
The atomic refraction of aluminium in lU compounds is 9 5 (for the 11,* lino; 
(jlladstone and l^'iles i'oimnla) " 

The elect lode potiuitial of alumimnni is not known with any accuracy, 
the value €„= - 1 03 to 1 28 volts being uncertain and probably numoricaliy 
toogro.it In Ibc poteiili.il seiic.s aliiminiiiin probably occupies tbo follow- 
iiig position — 

Alkali and alk. eailli metals, Mir, Mn, Al, Zii, (’r, (M, Ke, etc 

When aliiiumnim is used as anode in passing a current through an caqueous 
solution, and tlio voltage docs not exceed sonic 25 \olts, the current that 
passes quickly falls to almost zero. Tlii.s seems to be due to the formation 
of a laur of aluminium h}dio\ido on the anode. Tlio ciitical voltage, 
above which an aiipreciable cun cut can be made to flow*, vanes with the 


* Itimthclu'fT, Imniifinnl Di^i.nUtti>n (Zuiich, 18119), also m Laemmcl, Ann. Phyaik^ 
190r., I IV ], i6, .^51 

® Ncnibt and St liwcis, Stlzum/shir K. Ahad. Bi/hn, 1914, p. 355 

* For other w'oi k on tho spctilic Inat o| aluminium, wc Ihoiiclion, Compt. rend., 1892, 
*175, 16*i! ; Tildcii, Phil. Tiuns , lUUU, A, 194, U33 , 190.3, A, 201, 37 , Tiam Chem Soc., 1906, 
10, 651 ; Trow budge, Scirncf, 1898, 8, 6; Helm, IVud. Aaiutlrn, 1898, 66, 237 ; Schubel, 
Zeihch. anorg Chem., 1914, 87, 81, and Vol I., Chap II 

* E. 11. (Jiilliths.'ind E Giiflillis, Phil Trans , 1914, A, 214, .319. 

® Pionchon, iw. at ; Lascht'-ebenko, J. Muss. I’hys ('hem Sik., 1914, 46, 311; 

J. W. Richards, Aluminum fllaiid k (’o., 3rd ed , 1896), p 80 

* Wills, Phil. Mag , 1898, [v.], 45, 132 ; Kociiigshcrgei, tyied. Ajmalcn, 1898, 66, 698 ; ‘ 
Honda, Ann. Physik, 1910; [iv.], 32, 1027, Ow'cn, ihid., 1912, 37, 667, Ptoc, K, Akad, 
Wetensch. Ambteulam, 1911, 14, 6 37 

’ Gladstone, Proc May. Stv , 1.S97, 60, 1 10 

* Neumann, Zextsch. physikaX. ('hem,, 1894, 14, 217 ; Whlsmoie, ibnl., 1900, 3Sj 818} 
"Burgess and Hambnchcn, Electrochm /«d., 1903, I, 166; van Deventer and Luinmel, 

fFeekblad., 1907, 4, 771 ; 1908, 5, *359 ; van Uar, ibid., 1908, 5, 124. 



B6 ALUMINIUM AND ITS CONGENERS. 

, temperature and the nature of the electrolyte. This property of aluminium 
is utilised at times for obtaining; a direct from an alteinatinp; current.^ 

The arc and impark spoctia of alimiinium^ arc fairly simple. The most 
intense lines in these spcetia, i.e. the “hauptlinicn,” aie (ICxiicr and Haschek) 
the following : — 

arc : 2r)()S 08, 2575 20, 2052 56, 2660 50, 3082 ‘ 30 , 3092 * 89 , 3944 ' 20 , 

396171 

spark : 2816-41, 3082 30, 3092*89, 3944 * 22 , 3961 * 74 , 4529 70, 5690-71. 

The most persi>.tent lines in the spark spectrum of almninnim, ie the 
“ultimate” lines, which should be looked lor when seeking the traces of 
aluminium, are (Exncr and llaschek’s xx.ivc-lengths) 3961 71,^ 3911 22,* 
3092-82, 3082*30, 2816 41, those asteiisked being the most sensiti\o. ^ 

The arc spectriiin of aliiininium contains .1 niiniber of very charactenstie 
bands duo to aluminium oxide, which disappear x\ lien the arc is sniionnded 
by an atmosphere of hydrogen. 

Alumiumm always contains a little occluded gas, which may be evti acted 
by fusing the metal in vncuo,^ 

Aluhiiniuni readily combines with tho halogens. A compact piece of 
the metal is only superficially oxidised xvhen heated in air or oxxgen, but in 
thin foil it burns biilliantly when heated in oxygen. Aluminium powder 
begins to oxidise rapidly at 400'*, and readily burns if stron<»ly heated at 
one point, aluminium oxide and a little nitiide being pioduced.^ Aluminium 
rapidly oxidises if the surface is amalgamated xvith meicury, an arborescent 
growth of alumina (piickly forming all over the metal ^ At high tempera- 
tures finely divided aluminium readily unites with suljihui, selenium, 
phosphorus, and arsenic, it also combines with antimony, but with more 
difficulty.^ Aluminium combines directly with nitrogen, producing a 
nitride, it also combines w-ith carbon, silicon, and boion. 

Owing to the extremely laige heat of foimation of aluminium oxid(‘, 
aluminium is able to reduce many oxides, with the evolution of much heat, 
Thus, aluminium pow-dor burns readily when heated in the oxides of sulpliur, 


1 W W.Ta 3 loi and Phil Mat) , 1903, [vi.], 5 , 301 , F. Fischer, Zeilach. pliysilcal. 

Chem.f 1901, 4 ^, 177, Zt'it’nh. Elcktiochem ^ 1904, 10 , 869, Xcitsch. aaonj. Vhevi , 
1905, 43 , 341, Charteis, J. Physical Chem., 1905, 9 , llo, llaiisto and Mciscr, Tunis. 
Faraday Soc.^ 1911, 7 , 1 ; Ijaiisto, tftirf., 1912, 8 , 232; Schultze, Zcitsch. Elekhochem.. 
1914, 20 , 307, 592. 

® Kayser, Haudlueh der (Leipzig, 1900-1912). vol. v p 94 ; Exncr and 

Haschek, The Spektren dn Elrmrnte hei normalnn Driick (Leipzig and Wicn, 1911); 
Qrunter, Zeitsch. JFiss. Pholorhrm , 1913, 13 , 1 (me and spark), Edcr, ibid, 1913, 13 , 
20 ; 1914, 14 , 137 (spark, ultraviolet) ; Huppeis, ibid., 1913, 13 , 46 (aic, below 32()0) ; de 
Gramont, Compt rend., 1913, 157 , 1364 (band spectruni) ; Stark and otheis, Ann Phifsik, 
1918, [iv.], 42 , 241 ; 45 , 29 (canal ray sncctiiim) , Pollok, Hex. Proc, Roy. Dahl, Sue , 1912, 
ir 202 (vacuum tube specti urn) , L. and E. Illoch, Compt send., 1914, 158 , 1416 (extreme 
ultra-violet, spaik). 

• Pollok and Leonard, Sa. Proc. Roy. D\d)l. Soe., 1907, ll, 229 , de (hamoiit, Compt. 
tend.^ 1907. 144 , 1101 ; 1910, 151 , 308; 1914, 159 , 5 ; ef. Hai tley and Moss, Pioc. Roy. 
Soe.t 1912, A, 87 , 38. 

• See Guicbard and Jouidain, Compt. rend., 1912, 155 , 160. 

• Kohn-Abrest, BuU. Snc. chim., 1904, 31 , 232, Mutignon, Compt. rend., 1900, 130 , 
1890. 

' • Jehn and Hinze, Ber., 1874, 7 , 1498 ; Lebon, Compt. rend., 1900, 131 , 706 ; 
Jourdain, thid., 1910, 150 , 391. 

: Fonzos-Diacon, ibid., 1900, 130 , 1314. 
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nitrogen, and carbon ^ The icdnction of a solid oxide is ])cst accomplished 
by miMiig the powdered witli an cM]iiivaloiit of gi.iniilat(‘(l aluminium 

and starting the lo.ietion by putting a little barium peroxide and magnesium 
powder mixture on th(‘ top and lighting it with a matelior a piece of burning 
magnesium ribbon In this way tlie o\i<l(‘s of non, manganese, chromium, 
etc., can be e.isily reduced to meial, ‘^o much Iieat being geneiated that both 
the metal and the aliiiiJina piodiued aie melted in the leaetion - These re- 
ductions ar-‘ genei.illy known as “theimit’’ n'aetions (eo/e lufKt, p. 5S). In 
a few' cases the redui-lion of an oxide by aluminium is an ('iidotlieiinie change 
and can only he hi ought about by supplying the necessaiy heat, f.y. the 
rednetioii of ealeium and magneMum oxides.-* Thru mil kmcIioiis may be 
readily ap})liefl to the piejiaiatioii of phosphides, aisenides, silicidcs, and 
borides by siimiltaneoiisly reducing two oxides ‘ 

At ordin.uy tom])eiatines ahiminnim is unallacked ]»y air-fii'C water, but 
ordinaiy water slowly acts upon it Tin* rate ot eoiiosioii is greatly increased 
by the iJK'sunee of impiiiities, paiticnlailx b\ tiaees of sodium, copper, oi iron, 
and IS .dso augmented by rise of tianju'iatnn' '' Alnmnnum powdei slowly 
decomposes water at 10(1'', and the p«»w<ler, whon icrnited in air and plunged 
into steam, eotiUmies to bum, with tin* <‘\olnlion ol huliogiui ® Ahpniiiium 
amalgam decomposes water leadily, alummnim hylioxide and hydrogen 
being ])roduced " To ellect this le.iction it is only nec< ssary to amalgamate 
sn[)eiti(‘ially the suiJaec of alumiiniim foil by nnim'ismg it in a<jneons mercunc 
chloi ide, and then wash tlu’ foil with cold water The aliiimniiim-mercnry 
coupli' thus formed, owing to the ease witli winch it decomposes water, con- 
stitutes a \aluablo reducing agent '' 

Aluminium IS rapidly con odr<l by <lilute ludrogon jieroxide, alumiumm 
liydroxide being formed 

Aluminium dissolves Tcadily m hydioeliloiu; acid, dilute oi eoneenti iited, 
hydrogi'u and alumiiinmi chloiido being luodueed. The ai tioii of dilute 
sulphune acid is xeiy slow , the eonccntiated acid attacks the m(‘t.d with 
the e^()lutl()n of sul])lmi dioxale Phosplionc acid, dilute or concentrated, 
readily attacks aluminium, hyliogoii hciiig e\ol\r*(l In comparison wdth 
its aclKMi on other metals, the action of mine acid on alnminium is 
extremely shnv With .■> to 2() pei cent acid at 25’ to 30' the mam re- 
action IS as follows — 

A1 + i [ I NO., = A1(N0.,)3 -I- 21 r/) + NO. 

With a large excess of acid, inliogeii appeals among the gaseous ])roduct8. 
A little ammoiniim nitrate is piodiiccd. Nitric ac-id of density 1’15 
dissolves alnmmuim fastei than the 1 15 acid, aial the rate of solution of 


1 Afallet, Tmris. Chan Srr , j»t 2. 349; Fiiiiiok, Bull Soc ihnn, 1894, fiii.], 
II, 439 ; (Iiiiit/! .iiul Masson, ihi'/., 1S97, (iii ], 17, 209 , Malignoii, hr nf 

^ Goldschimilt, J. ('hem Lnl , iS'.tS^ 17 , r»4‘l , BluhO'hnn Jiul , 1908, 6 , .300. 

** Weston and lillis, Tunis Fanuluy Sur , 190S, 4, 130, 1909, 4, 16b, Matignon, 
Com-pt. rend., 1913, 156, ll.^o 

* Colaiii, Compt rend , I'lQ.'!, 141, 33 , M.ilignon nndTiannoy, ilnd , 1905, 141, 190. 

" Donatti, Putsch um/nr (.7a’;/j., 189r», 8, 111, bailey, J Btu. Chem. /nd , 1913, 32, 
293 ; Scala, .iUt ll. Arrnd Linen, 1913, 22, 1 43, 95. 

® Matignon, Compt. rend , 19(¥), 130, 1390 
llailloand Fc'iy, Ann i^him Phys., 1889, 17, 216, 

* Cohen and Orniandy, Trmis. Chem hx . 1890, 57, 811 , Wislipcnns, J. prakt. Ghem,, 
1890, [11 ], 54, 18 , Lehon, ('ompt nnd., 1900, 131, 706. 

* Drosto, Chem. Zcit., 1913, 37, 131?. 




tnotOrl iDGr6&8CS with the fineness of division, thick foil dissolving very 
•lowly, but coarse tiirniiigs mucli more rapidly.* Organic acids attack 
aluminium only vciy slowly, hut if the protecting layer of h}diogen that 
forms on the metal is removed by operating in a vaeuuni) the rate of 
•olution is greatly accelerated - 

Alkali hydroxides in aiiueoiia solution rapidly dissolve aliiininiiiin, alkali 
aluininatcs and hydrogen being piodiiced. With ainmoniuni b}droMde, the 
products are aluminium hydroxide and hydrogen Aluminium also dissolves 
in aipieous alkali carbonates, carbon dioxide and hydrogen being evolved. 
Aqueous solutions of salts, e (j. sodium chloride, slowly attack aluminium, 
but only in the presence of oxygon ; the arldition of a small quantity of a 
weak organic acid hastens the coirosion. 

Colloidal ahinnnium.—Whcw two aluinininm rods are immersed in water, 
their ends being separated by only 0 1 rnm , and a condensed spark dis- 
charge passed between them by moans of a poweiful induction coil, a 
colloidal solution of aluminium is obtaiiiu].'’ 

■ Applications. — Alumimum IS largely employed in the iron and steel 
industry, as when it is added to molten steel (a few ounecs per ton) it 
removeg the dissolved gases to a large extent, and theieby prevents the 
development of lilowlioles in castings. In Amciica, aluminium is extensively 
used in the place of copjiei for electrical transmission. It is also employed 
in the production of caibon fiee chromium, manganese, molybdenum, feno- 
titanium, ferro-vanadiuin, ferio-boion, inanganese-coiiper, manganese-titanium, 
chromium-niangaiiesc, etc The metallic oxide or mixture of oxides is 
reduced by means of a slight deficit of granulated alumimum, the reactions 
being carried out in large magnesia-lined eiuciblcs as described previously 
(p. 57). A mixture of ])owdercd alumiimim and granulated rolliiig-mill 
scale (FOjOi), known by the logistcrcd name of thermit^ is extensively used 
in welding operations. When fired in the usual way (j) 57) the iron oxido 
is rapidly reduced to metallic iron, and so mucli heat is developed tliat both 
the iron and alumina are piodnced in the lujnid state. Tiam- and railway- 
line sections may be joiiusl, and broken engine-frames, dining lods, crank 
shafts, etc., inay be repaired hy igniting a charge of thermit and allowing 
the molten iron to flow around the place at which a join is to be cfreclcd.'^ 

The light alnminnim alloys (p. 61) containing a high percentage of 
duminium are largely used for constructional purposes, e.t/ for parts of 
notor-cycles, motor-cars, and aeroidanes. The salts of aluminium are non- 
JoisonouB, and hence alumimum is used to a considerable extent in the 
uanufacture of kitchen utensils, particularly for army use, and is coming 
nto use in the construction of chemical plant.'*’ Aluminium cannot be 
latisfactorily soldered, despite the large number of solders that have been 
)atented for the purpose. It must bo riveted or welded. 

Aluminium powder enters into the composition of certain explosives.® 


* Sbllman, J. Amer. Chem. Soc,, 1897, 19 > 715 (a comploto biMio^raphy is given here) ; 
^atson Smith, J AV. Chein Lid , 1904, 23 , 475 ; van Deventer, Chem. JVeekblad., 1907, 
I, 69; Hale and Foster, J. Soc. Chcfin Ind , 1915, 34 , 464. 

^ * Ihtte, Compt. rend , 1898, 127 , 919 ; 1899, 128 , 195, 793, 

' ' • Zavriev, Zeitich. physiknl. Chem., 1914, 87 , 607. 

* Goldschmidt, Stithl nnd Ei$en, 1898, 18 , 408; Zeftsch. Elcktiochem, 1898, 4 , 494 ; 
899 , 6 , 63 ; J Soc. Chem. Ind , 1898, 17 , 543, 584, 649 ; Electrochem. Ind., 1908, 6 , 860 : 

A Dictionary of Applied Chemistry (Longmans & Co , 2 nd cd., 1912-13), vol. y. 
Seligman, Science Progress, 1912, 6 , 616 ; Moissan, Gompt rend., 1899, 128 , 896. 

See Bichel, Znlsch, angew. Chem,, 1906, 18 , 1889. 
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Thus, ammonal contains 93-97 per cent. NTT 1 NO 3 , 4-6 per cent. Al, and 
0-1 per cent, moisture, and is a jiuod mining explosive and high explosive 
for .shells ^ Amynonal B contains 94-96 per cent. NlljNO., 2 n-S'O per cent. 
AI, 2-3 per cent, wood charcoal, and 0-1 per cent moisture. Another 
aluminium e\plosive‘^ contains 5 per cent. NIl,N()j, 8 per cent. Al, 
2 5 per cent carbon (hvdroc.iibon or nitrohydrocarbon), and 4 per cent. 

Atomic and Molecular Weights. — From the anuljses and molecular 
weights of aluminium chloride, bromide, and iodide, various double com- 
pounds that tlie preceding salts form with organic sub.stances, aluminium 
methyl, aluminium ethyl, and aluminium acetylacotonate, it follows tliat 
the atomic \\(’i"lit of aluminium is approximately 27, or three times 
its comlaiiing weight Tins conclusion is 111 haimony with Dnlong and 
Petit’s Law, the isomoijihism of (i.) alumina, fciim and chromic oxides, 
( 11 ) the aluminium, gallium, mdium, chromium, non, \an.idiimi, eohalt, 
and rhodium aluin.s, ( 111 ) the aluinmium, non, chromium, and cobalt double 
oxalates, etc. 

The atomic wemlit was determined liy Mallet ‘ in 1880 by four distinct 
melliod^, the lesiilN nf which aie appended — ^ 


(NfIjV'304.AI.(S())3.21II.O : ALO, 
3Ag : Alhi , 
3fl.,* 2\1 
2Af ‘ 311,0 


100 11 2793.. Al 27 132 
100 82 i.V) .-. Al 27 109 
100.896 33 .•AU 27 095 
100 09 818 .-. Al 27 072 


The first ratio w<is determined by calcining ammommn alum and measuring 
the lo-'S 111 weight , the second, by titiating aluminium liiomide against 
siher aecoidmg to the pioceduie of Stas Iho tlnnl wa.s determined by 
dissolving aluminium in .soilium li} dioxide and measniing the hydiogen 
evohed, and the fouilh was earned out like the thud, the liydrogcii, how- 
ever, being burnt to wat(‘r. Other dctenmnation.s'’ are of le.ss imjiortiinco. 
The atomic weight of aluminium is at picsenl taken as Al 27’I- 

From the freezing jxunt deteimmations made by llevcock and Neville, 
it apjuMi') that aliimimmn m diiuti' solution m tin has the molecular 
formula At,, but it is not ceitaiii that jiuio tin separates on freezing.^ 
Aluminium Iikewi.se appears to be picscut largely as diatomic molecules 
in solution ill meicurv^ 


1 Von Dahmon, Eng. Pat., 16,277 (1900\ 

> See Eng. Pat , lO,,''.! 1 (lS»0t) 

® On aluTiuiimia rondoiiseis foi labmutory use, see Mastbaiuii, Chem. Znt.^ 1010, 54 , * 
1319 , for ulumiiiiiiiti stopcocks on hydiogcii sidpliide appaiatus, sco Campbell, J. Amer, '' 
Chem. Soc., 1911, 33 , 917; and on the U'jc of aluminium disbcs in quantitative analyeis, 
see Foimaiiek and Cknn Znt , 19f»9, 33 , 12S2. 

« Mallet, Phil T)m, 1880, 171 , 1003 

® Clarke, A liecalrulation of the A'onue ireiifhf<t, 3rd od. (“Smithsonian Miscellaneous - 
Collections, ”vol. 64, No. 3, 1910). Thi*aiit( cedent data have been changed to the following 
0 = 16 000, 11 = 1 00762, Ag-107a80, 11r=79 916, S=32 065, N=14-008. 

“Berzelius, Pogg Avnakn, 1826, 8 , 177, Mather, Amer. J. Set., 183.), 27 , 241;'/’ 
Tissier, Compt. rend, 18.58, 46 , 110 '> , Isnaid, ihul , 1868, 66 , 508; Dumas, Ann Chim, : 
Phys., 1868, [in], 55 , 151 ; Tern^l, Bnif. Sec (him, 1879, 31 , 153, Maiibigny, 
rend, 1883, 97 , 1369, Thomsen, Zeitsch. nnorq. CKcm , 1895, ll, 14 , 1897, * 15 , 447 ; ’ 
Kohn-Abrest, B\dJ. Soc. chim , 1905, fm 1 , 33 , 121 t’ 

' Heycock and Neville, Tran^ Chem. Sw., 1890, 51 , 376. 

> ^ • Eamsay, ihid., 18S9, 55 , 521. • 
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ALLOYS AND COM POUNDS. OF ALUMINIUM. 

Aliimiiiinm forms one scries of .salts, in which it is tcrvaleiit. The 
* salts are derived from the basic oxide AUOg Those deiivcd from colour- 
less acids nro thcmsi'lvcs colourless The soluble salts from hydrates 
oontaiiiiiig considerable water of cry.stallisation, and the anhydrous salt.s, 
dissolve in water with the evolution of a laigo amount of heat. ^J’he 
salts are not poisonous 

On the ionic hypothesis the salts of aluminium aio dissociated in aqueous 
solution, giving rise to a colourless cation AP-* : — 

AL\,---rAl- + 3X'. 

The ionic mobility of the cation, J Al'“, is 40 4 at 18“ C.^ Despite the high 
position occupied by aluminium in the electromotive sciies (p bb), aluiiiiuium 
oxide IS only a weak basic oxide and aluminium hydrovidc but a feelilo base. 
Accordingly, in aqueous solution, .iluminium salts aie appreciably hydrolysed, 
and those deiivod from moderately strong acids gi\o a decidedly acid reaction. 
A solution of 1 giam-moleciilo of aluminium chloiide or biomidc in 100()litr(*s 
of wateV IS hydiolysed to the extent of t per cent at 2.V , whil(‘ llie pmcciitagi* 
hydrolysis (c) of the chloride in aqueous solution at 7 \.iiies with the 
dilution (e litres per gram-molecule), as follows- — 

V 32 (U 128 2r)6 bl2 

j 8-0 13 2 19 7 28 2 111 

Aluminium hydroxide is a stronger base' than ferric hv<li oxide, but is w^eaker 
than beryllium hydiox'ide. It is possible that, owing if) the tiansloimation 
of aluminium bydioxidc into the form of a colloidal hwliosol, tlio degiee of 
hydrolysis of aluminium salts gives a sonu'wliat exaggerated iih’a of the 
weakness of the hydroxide as a liase 

Owing to the a])pre(jiablc hydrolysis of aluminium salts, tliu solulile salts 
derived from x-olatilo acids cannot be prepared m the anliydrous '.late by the 
evaporation of their aqueous solutions on the ste.im-batli 

Aqueous solutions of aluminium salts di.ssolve an ap])reciable amount of 
aluminium hydroxide. 

Thermochemistry of Aluminium Compounds.'*— Tin* heats of 
^ formation, etc , of the more important compounds of aluminium arc given 
in the following table, in kilogram-calories — 


1 A. Heydweiller, Znhrh physikal. Chem , IDl.'i, 89. 281 

* Ley, Zdlsch.phy Sibil Chnn , lyOl, 30, 245 ; Kablukolhind SachaiioO, ilml , ]y09, 69 , 
' 419 ; Povaniiii, ./. Urns. PJiys. Chem, Soc., 1909, 41, 1014 , 1910, 42, 207 : Woeil, Ttans. 

Chem. Soc., 1908,93, ^17; van Pelt, Bull Soe. rhim. Beig , 1914. 28, 101; Kullgien, 
' Zettach. phymkal Utem., 1913, 85, 466. 

• J. Thomsen, Thcrmm'hcmisehe l}ntersuchiu}(fcn{\iii\\m[:„ 4 \ols., 1882-1886), Bi*rthelot, 
* l%«moc/nmie ( Paris, 2 vols,, 1897); Ann Chim Phy't., 1901, [vii ], 22, 479 , H.uid, tfjtd,, 

; 1904, [viii,], I, 8; T. W Richards and Hujge.ss, J Jimci. I'hcm So(., 1910, 32, 431 ; 

fT. W. Richards, R'lw-p, and Piiirgeas, ibid , 1910,32, 1176, Rolla, f /<(zz>'U<i , 1915, 45, 1. 
’ ,192; Mixtpr, Amer. J. >S'ci., 1915, [iv.], 39, 295. 
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Heat of 

IlOilt of 

Compound. 

Foriniitinii. 

Solution 


(’aK 

C.d', 

AIK, . 

219 0 

+.n ;} 

AIK. -1 fill. 0 


1 7 

AK’l, ‘ . 

161 1 

1 77 6 

Alllr, .... 

122-0 

+ 8 :. :j 

All. 

70 

1 80 0 

Al.G. . 

380 2 


AKOII), 

2"7 0 


AloS, . 

126 4 


At, f SI > 4 ), 

879 7 ‘ 


Al“(SO,).61I..O 


^ 56 1) 

A1.7sOd,.18H20 


1 9 2 

AV’. ‘ . 

2118 


KA1(S(V, 121^0 


- 10 0 

(NHJAl SO 4 ), IGTIoO . 


- 9 6 


The follow 111^ (lat.i rcf(‘i to heats of rejicUon — 


[AiPaJ ciyst. +[Na.j 01 
[AlAl-oiioip. +lNiiUl 

[All-l-;uiri IK'U.O 
[A11 + 3I1('1.‘J0<)II,() 
]HAl(On)jl + JICl a<i 
UAl(OII),HIIFaq 
3l[Al(OIIh]-l ili,S()4 -H. 
lilAlCl,] I 
2|Ain,]hG(Nnj 
2 [Al('l,lflO(MI,) 
qAlCl,] l-liiCMI,) 
21A1(’13J-H8(N1I,) 
‘2[Al(’],ll 
2rAl(:i.l I (SO.) 
2[A1(’I.]-| 2(SO,) 


+ 48 0 Gills 

2[Al(;id j 2|K('ll 

1 20 1 Gals. 

1" 5.1 1 , 

2|\l(:id-4 2|A.i(;i] , 

+ 119 

>> 

1126 0 

2[Al(’ld I-2[NH4(:1] 

-1 26 .5 

M 

1127 0 ., 

2[Al(;i,] l-31NaCl] 

1 1.5 3 

l> 

+ 9 2 „ 

2[AlClJf3|Kni 

-i- 80 5 

M 

+ 11 7 „ 

21A1(’1,1 I eiNaCl] , 

1 19 f> 


-1- 10.5 „ 

2(AlClj|-l 6|K('l] , 

1- 36-6 

>» 

1 167 5 , 

2[AlGl,]4-2[Ag(^ll 

1 .5 0 

>» 

i 2t.5 2 , 

2[Al(’l,] 1 1 r.[l5iG],] , 

1- 9 3 

II 

|-2«;8 2 „ 

2[Al(n,H 1 5fSi('l.'j . 

1 87 

II 

|317‘» „ 

2[AIG1.,] 1 [1U('I.,] , 

1 .5 3 

l» 

+ 9 .5 „ 

2lAlF8) + GfNHK] ; 

1 40 7 

II 

■4 9 5 ,, 

2[AlF3U-6fKKJ 

i 88 8 

II 

1 18 3 ., 

2[A1K,] 1-71120 

4- 65 0 

II 


2.S 


Alloys.- -Aluminium leailil) alloys with many other metals, and a large 
number of iiiteimetalho compounds have been described. In geneial these 
compounds have little tcudimey to foim continuous senes of solid solutions 
with one another or with aluminium, and, aeemdingl}, almost the only alloys 
of aluminium of engineenng \alue are those which consist M-ry largely of 
aluminium and those ^\hlch contain hut a few jier cent of the element.^ 

Sodium and aluminium are not mutually soluble, beyond tieihaps a very 
slight extent, and form no chemical compound.’ 

Copper an<l aluminium A number of inve'>ti;^.itions of the system coppor- 
aluininium have been made by the theinial method, but the icsults are 
somewhat contiadictory. The compounds Al^Cu, AK'u, and AU’Uj, have been 
stated by se\eial obseixersto exist 'Fhe “lupiidus curve has six or seven 
branches, Old V one of which appeals to coiiespond to the scpaiation of a pure 
compound, v'l/. Al^Cu. The other blanches refer to the separation of solid 

’ This iiuiuhri includes til'* hi ill o| siilulioii «)l the allh^dn•lls sulpli.ilo 
2 Foi ahiblioKMapliy, cimiplptf to 1902, sec S.ifk, Zeihch umini (Vie„i , 1903, 35 , 249. 
For further 111 foiniatii 111 , sue Law, Alloyt (C. (Jiilliii A. Go., Lid., 2 nd fd. , 1914), Gulliver^ 
All)ys{Q. Giilhiifc (’ 0 ., Ltd., 2 nd pd., 1913) 

^ Law, Tians. Faraday A'or., 1910, 18.5 

* Mallicwson, ZcUsch aiioitj. Cliem , 1906, 48 , 191. 



' ’ ’ ALUMINIUM AND ITS CONGENEES. 

, solutions,^ By a study of tho electrical properties of those alloys, B^onie^\ski 
/’has confirmed the existence of the compounds already mentioned, and in 
addition has indirated tho existence of another compound, A1 ,Cu;^.- 

Aluminium copper alloys containing upwards of 10 per cent of alurninimn 
have a fine golden-yellow colour, do not tarnish, are practically non-corrodible 
by sea-water, and are largely ii'scd under the name of aluminium bronzes. 
/ The tensile stiength reaches the value 39 tons per sip inch for the alloy with 
10 per cent, of aluminium , the ductility is at a maximum with 7 pei cent, of 
aluminium. The light copper-aluminium alloys containing upwards of 1 jier 
cent, of cojiper aie also of great value, by rolling and drawing, the tensile 
strength of the 4 per cent, alloy can lie* raised to 20 tons per inch 
(Carpenter and Kd wauls) A few per cent, of nickel aie sometimes added to 
these alloys iich in alnmmiiim, to obtain good rolling alloys 

Silver and aluiniinum alloy containing 4 per cent, of siher has been used 
in tho consti action of balance beams; the alloy with 33 percent has been 
employed for making tablespoons, etc. Two mtermetalbc compounds arc 
known, AlAgg and AljAg;j. They form a continuous senes of solid solutions 
with one another, the former gives an incomplete seiies of solid solutions 
with silver, and the latter an incomplete senes with aluminium.® 

and aliiniiniuin Five intormeballic compounds aio known, Aii^Al, 
AugAlg or Au.Ak, AuoAl, AiiAl, and AuAl^. The compounds Aii^Al and 
AiiAlj arc stable at their melting-points, and the latter has a beautiful purple 
colour.* 

Magnesium and aliiininium. It is diflicnlt to study this system by the 
'thermal method. The “iKpiidus ” ajipears to consist of tliiee branches, the 
middle branch corresponding to the solid phase Al,Mg, or AljMg^ This 
middle branch, how’cvor, is oxtiemely Hat According to Broniew ski, there 
aro two intormetallic compounds, AlMg and Al^Mg^, which foim wuth one 
another a continuous senes of solid -solutions. The former gives an incomplete 
series of solid solutions w-ith aluminium, and tho latter an incomplete series 
with magnesium.® 

Aluminium alloys containing 1-2 per cent of magnesium and a little 
popper, nickel, and tin are largely used for conslriiction purposes under the 
name of maynaltam , ” the alloy duralumin contains 0 5 per cent, of magnesium, 
a few per cent of copper, iron, and manganese, and over 90 per cent, of 
aluminium. 

^ Le Cliatelicr, null. Sm inEne p riiul vafinnah\ ISS."!, [iv ), lO, fioO ; Cluillct, Coiiipt 
rend.^ 1901, 133 , 681 , 1‘jM, 158. 701 , Jiev. MtluthiKfii’, lOO.'i, 2, r>67 , CjiniplK'U and 
Mathews, J Amer. (Ihem Sue , 1WU2, 24, 253 ; Cainplicll, ihid , 1U04, 26, 1290 , Uuipeiiter 
.and Edwards, Pioe Inst. Mech, En<j , 1907, p. 67, f.'uii y, J. Physical (Ihcm.y 1907, ll, 425, 
Cur^ and Woods, ibul.^ 1907, ll, 461, Gwyei, Zeitsrh aiiorg C/wm , 1908,57. 113, I’ortovin 
andArnou, Compt rend., 1912, l')4, 611; J. II Aiidiow, Inlet n. Zeiheh. ^ktallogral)hle, 
W14, 6, 30. 

“ Broniew'&ki, Ann. Ghim Phjs , 1912, LvinJ, 25, 5. This paper contains a useful 
.luxnmary of work on aluminium alloys, and also tho lobults of investigations of tho cloctiical 
properties of alloys of aluminium witli mimoroiis othei mctiLs. 

G; ^ Broniewski, loc ext ; cf. IVticiiko, Zeds'll, anotg Chem , 1905, a6, 49. 
i;-!, ' • Heycock and Neville, Phil. Tran^t., 1900, A, 194, 201; 1914, A, 214, 267, Trans. 
Soc , 1898, 73, 714, Rohorts- Austen, Pioc, R'aj. St>e , 1892, 50, 367 ; Matthey, 
1892, 51, 447 , Osmond and llohi-its- Austen, Phil. Trans , 1896, A, 187, 417. 

* Broniewski, loc. cit. , (Irube, Zcilsch. anorg Uherk , 1905, 45, 225 ; Boudouard, 

VlQinpt. rend., 1901, 132, 1325; 1003, Wilin, MHallurqie, 1911, 8, 226, Pecheux, 

"Oompt. lend., 1904, 138, 1501; Scliiimeister, Metall und Etz, 1014, ii, 522. 

• Eng Pat , 1898, No. 24,878 , Barneit, /. So^.. Chem. Ind., 1905, 24, 832 , Klaudy, 
iQvdfirr. Chem. Zeit , 1899, 2, 636. 
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Zinc and aluminium. It has been generally supposed that these metals 
form two scries of solid solutions, the “ lapiidiis ” exhibiting a L'liti t tie point, but 
Bosenhain and Aivlilmtt have shown that there aie Ihioo hranehes to the 
“ liqiiidus,” a compound AhZiij sepaiating along the middle branch, winch 
covers the region fioin 0-17 per cent of alunnniiini ^ 

The alloys known as ’/s/ow and zimini are zinc-aliimnnum alhiys, and 
are used for paits of scientilie instinmcnts The alloys containing upwards 
of 20 percent, of zinc arc valuable e.isting allojs, laigelv ummI in tin* motor 
industry. In actual practice, the amount of zinc seldom e\ce(‘ils 10 per cent., 
and 2 per cent, of coppci is added 

The 2 i’nc-co 77 ;dr-aliiminium alloys conl.iinimx ,‘>1 27 ])ei cent of zinc, (58- 
70 per cent, of copper, and 1-3 per cent ol ahimniiiim, loim stromr alloys, 
known commercially as alnminiuju hras.<cs‘^ 

Cadmivm and aliimnnum, when fused and mixed, fonn two conjugate 
phases, one of aluminium coritaiinng 2 or 3 per cent of cadminin, the other 
of cadmium contannng less than 1 per C(‘iit of aliimiinum ^ 

Mercurt/ foims, with sufficient alimnmum, a hiitllo solid amalgam which 
readily oxidises and decomposes w'ater, foiming mcicury, aliinnnnim hydioxide, 
and hydrogen.^ Aluminnirn is superticially amalgamated wln'ii 'L is im- 
mersed in mci curio chloiido solution, and \vhcii so treati'd it ra pally de- 
composes water. Tho reaction is inhibited to a coiisidorahlo extent by the 
presence of a little cop^ier as impurity in tho metal 

Cahntm and aluminium alloys have been studu'd, and the compound 
CaAlj isolated.^- ^ 


Aluminium and tiik Fi.uoniNK (liiour. 

Aluminium subfluoride, AIF^, is not known with ceitamty ^ 
Aluminium trifluoride, AlFj, is not found m nature in tlie anhydrous 
state, hut the hydrated tluorido occuis as the mineral fluelhfe, A1F.,.H^0,. 
It crystallises in tho rhombic system (hipyramidal , a lO :c 0 770 : 1 : 1 874) ; 
its density 18 2 17 

Aluminium is comph'tely converted into the tluorido when licatcd in 
fluormo (Moissan) Tho iluoi ido is also foi iiumI wlien aliiminnim or alumina 


’ Roscnliaiii und Arclibutt, Phil Tiaits , 1011, A, 2 ii, 315; Tiionu'wski, loc eit.\ . 
Shepherd, J. Physical ('Jinn., 1905, 9, .^,01 , IV-chciix Potnj.f mi'l , 1901, 138 , 1103 ' 
Sinirnull, ibuJ , 191*2, I55' *»*il , (lautiiT, lUtiJ Sm il'Ein />, 1' hid, imtionalc, 1890, [v,], 

1293; Ilcjcouk and NcmIIi-, Tnnif ( Jn m AV , IS'.t?. 71 , 3 M 

® Foi an ai’UDunt of those alhi}-), see llaiponlui un<l Kdu.uds, Intern Enhch Afctallo- • 
graphic, 1912, 2 , 209, Levi-iMahano and M iiaiitonio, Gazztttn, 1911, 41 , 1 282, 1912, 42 , 
i. 353 Foi ahiminiuni-zinc-maqncsn'in .’dlnvs, see Egoi, hdnn ZnhJi MctiiUonravhit, . 
1913,4,29. ^ b J F , . 

« Wnglit, .A AV. GJinn. Aid., 1.S92, ii, 192, IMK. 13 , 1014 , Cainph.*!! and Matliows, 

J. Aniei. C/icm. Soc , 1902, 24 , 25*1 ' ' 

* liailleand hciy, Ann Chun J’Jn/s , IsSy, [vi ], ly, 246, Ihoinacki, Jried. Annalen, " 

1896, 59 , 664 , Ilumphn-vs, Tinns Chnn. A’.ic , 1 .S 96 , 1679 

® Kohn-Ahrest, linll 'Snc. cJum , 19H), |iv ), 7 , 28*J , 1912, [iv ], n, 670 , Kohii-Abrest, ;■ 
and Rivoia-Maltes, Cumi-f. und , 191*2, 154 , 16U0, Nuolaidot, BulJ. AV. chim., 1912, 
[iv.], II, 410 ; sec also ]). 379. 

“ Donski, Zntsrh anorg CJinii , 1908, 57 , 185 

’ Onlhu in aluminium ulhiy.s aio nionlionod on p. 147, thalhum-aliminium alloys on"- 
1 >. 175 ; ccnum-aluminiuni alloy.*- q|i p M7 See also the subsequent volumes of this series. V 

* Hampo, Chem. Zeit., 1889, 13 , I ; Hlacknioie, J. Hoc. Chrm. Ind., 1897, 16 , 219 

* Poulenc, Ann. Chim. Phys , 189-i, [^ 11 .], II, 66 . ‘ . 

Brunner, Pogg, Annakn, 1856, 98 , 488 , \an llaagen & Smith, J. Amcr Chem, Soe.. 

1911, 33 ,. 1604. * 
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is heated to redness in liydrogcn fluoride. Deville, wlio made an exhaustive 
study of the fluoiide, obtained it first l)y heating aliiininiiini in silicon fluoride, 
and afterwards jirepaicd it by tn'ating .iluniiiia with hydrofluoric acid and 
subliming the pioiluct in li_\drogeii at a white heat. Jle also obtained the 
fluoride by Iicatiiig a mixture of fliioispar and alumina in a slieani of 
hydrogen fluorid(‘, and liy I’uMiiir cryolite with anhydrous aluminium sulpliate.' 
The impure fliioiid(‘ is Ix'.st puiifi(‘d by sublimation at 1100°. 

Anhydrous aluminium lluonde forms colourless, transparent crystals 
which are descrilied as rhomliohedra,- but, aeeoiding to 1‘onlenc, aio probably 
triolinie. It is (‘iceedingly lefiaetoiy, being insolnlile in water and un- 
attacked by alkalies and aeals, including coneentMted sulphuric acid. It may 
be decoinjioscd by prolonged fusion with an alkali earlionatc. 

When grams of liasic aluminium acet.ib*, fit grams of alumina, 
100 grains of watei, and (Ifi giains of 10 per cent hydiotluoiie aeid arc mixed 
and warmed, conijileto solution results, and a giOatinous, hydrated aluminium 
fluoride separates on standing If tbo solution be soinewdiat diluted, crystals 
of the trihydr.ito, AIF, .‘111 4), slowly separate , if only T.") grams of water arc 
employed in the jirejur ition, crystals of another Indiate, 2All'’j 1 711 >0, 
separate. The latter liydiate ellloresees m air, passing into the foiiner. 'Flie 
monohydrate, AIK, 11^0, can also bo olitaimsl in spanngly soluble, silky 
needles, and likewisi’ the liydiate, ‘J \1K, 71 LO, wlndi slowly elianues to the 
hexahydrate, AIK., fill 4), on standing in watei 

The hydiatc *J \1K,.7H^0 lias lieen obtaimsl by Hand in two foims 'I'lie 
first, practically insoluble in watm, is oblamerl by dissolving aluminium 
hydroxide in afjueous h\dr()fliioric acid and e\apoiatmg the solution at 100° , 
the second, easily soluble' ill water, b\ eoncentiating a solution of alniniiinim 
hydroxide in hydroHiione aeud .uid adding twice its volume of oleoliol. An 
aqueous solution of the lattei form is acid to litmus The b\<lrale '2 \lk",.7irMO 
loses water at 110*, leaving the heinihydrate 2A1K, If^O, which decomposes 
at a bright red heat ‘ 

Accoiding to Dcville, the compounds \IK,.‘illk’, .'»A1K, 2111'’ .''ill ,0, and 
2A1F.J IlRfilljO maybe prcpansl. Aluminium rtnoiidc eiitcis into the eeim- 
position of a large number of douhU' aunpanwh With each of the alkali 
fluorides it forms a compound of the typo AIK, 3\K stable at its melting- 
point. The melting points aie given by Kiiselun and Baskov as follows — 

Alkali Metal . . la Na K Kb Cs 

Melting-point of Salt, ° r . S00° 1020° lO.ir)' 0^5° 82.'!° 


According to the same aulbol.'s, coinjiounds of the type 2A1K, .‘1\K aie also 
formed when X--Na, K, or Kb, but this coiielu.sioii is not justified from their 
experiments and is piobaldy crioncoiis In the (M.se of the sodium aluminium 
fluorides, the second compound has the foimula 3AIK, fiNaK, and lias no 
melting-point, but dissociates at72.’K into AlK,.3NaK and aluminium lluonde." 


' Deville, rend , 185f), 42, 19 , .inn Chnn. 1857, fui ), 49, 79 , 1861, 

[iii.], 61, 333. Koi olhoi mctlmds, see Ilaiitiifcuillo, ibuK, 1805, [iv j, 4, 153_. Troost and 
Hautefemllp, (*umpt. rend ^ 1872, 7S1 ^819, FiiccM, Bull. Sor. vhim ^ 1874, 21, 241; 
Cosfaa, Oazzeila, 1877, 7, 212. 

“ DeSchuIten, Compt. rend., 1911, 152, 1261 
® Mazzucchclli, Atti R Aciad FAnrei, 1907, [v |, i6| 1. 775. 

• Baud, Ann. Chnn. Vhi/n , 1904, [viii ], i, 8 

« Puschin and Baskov, J Jims. Phys. C/inn Sor., 1913, 45, 82; Zciheh nnorg Chem,, 
.. 1913, 8z, 347. 

• • Fedotdev and Iljiiisky, Zeitsch. anorg. Chcm\ 1913, 80, 113. 
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The equilibrium diagram, as far as it has been worked out, is shown in fig. 8. 
Calcium and aluminium fluorides form no compound; the eutectic point 
IS 815 to 820.“ ^ 

Hydrated double fluorides of the formula) 2AIF3 6KF.7HjjO, 2AlF36NaF. 
THgO, and iAll^g.iNff^F.SH^O are obtained as gelatinous precipitates when 
we requisite alkali fluoride solutions are caddod to an aqueous solution of 
Bauds soluble hydrate of aluminium fluoride They are slightly soluble in 
•water, 100 parts of which dissolve 0*385 of the potassium, 0 352 of the 
sodium, and 1 0 of the ammonium compound at 16“ (H.iud, loc. cit.) Berzelius 
has described an insoluble double fluoride AIR, 3NIf,F, and Petersen and 
mu ^ prcjiarod a soluble double fluoride of the same composition.* 

The double lluoiido dAlFg TiNaF occurs in nature as the tetragonal 
mineral chwhte , the compound AlFg 3NnF is found as the mineial 
ryolite e. icc-stono) occurs at Ivigtut, afl Ks<jniinan\ hamlet on the south- 
w'ost coast of (irconland, in one huge deposit, contaminated with sidorite, 
zincblendc galena, etc Density, 2 96, haidness, 2 5, melting-point, c. 
f inonoclinic prisms (holohedral, a b c = 0 9662 ■ 1 : 1*3882, 

converted into a cubic imxlification. At 15*, 
100 paits of water dissolve 0 034 of cryolite (Baud), but the latter is ,.ppreoi- 
ably soluble 111 aqueous solutions of aluminium salts It is decomposed by 
sulphuric acid. In the purilication of crude cryolite, advantage is taken of 
the superior density of its impurities to ertect a first puiification, and other 
impurities are then removed by means of an electromagnet. Cryolite is used 
as a solvent for alumina in the process ot manufacturing aluminium (p. 48). 
in the preparation of opaque white glass, and of an enamel foi steel. It was 
lormcily used as raw material for the J)anisli alkali industry (see Vol II.). 
and ha been powdered and used by the Ksqnimaux as sniiffs 

Ihe iollowing double salts maybe prepared by dissolving the requisite 
iiydroMcles in hydiofliioiic acid and evaporating the solution — ^ 

AIK, ZnF^.711,() 2A1F, 3CuF., 181LO 

A1F,.2CuFjj. 11 H A) AIF, CuF.^ IIF 

Aluminium subchloride has been said to l>e pioduccd by heating 
alurninium trichloride with aluminium m a scaled tube,'' but the statement is 
m all probability erroneous.^ 

trichloride, AlClj, was originally made by heating an' 
intimate miiturc of alumina and caihon to ledncss 111 a stieam of chlorine ' 
(Oersted s method)^ It may be luoic readily prepared by heating aluminium 
m a wide glass tube in a rapid cum cut of dry bydrogen chloiule, or in a 
Stieam of chlorine [f it is requuod to prepaie the chloiide fiom theoxide a 


o *• ndmolt, ZeM, anorq Chem 18B3 

* Krennor, ZcitAck. Kiyst. Mm , IBH.'i, 10 , 52.^ 

! Chem , 1911 ,’ 3 , 63 . 

Weinland and Kuppen, Zcitsch. anory. Chem , 1899, 22 266 
■ jnedcland Roux, Cnmpi. rcn,/., 1885, 100 , 1191. 
jVilson and Pettei^son, Tiaiis Chem Hm , 1S88, 53 826 

■ IT * 

.,,« 6 hii.AbreBt, Bull. Soe. chim., 1909, 768 ’ ^ ' 
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neater method than Oersted’s is to heat the oxide in a current of chlorine and 
sulphur chloride : — ^ 

4A1,03 + 3 S,Cl 2 + OClg = 8AICI3 + 6 S 0 ,. 

Instead of chlorine and sulphur chloiidc, carbon tetrachloride vapour 2 or 
carbonyl cliloiide® may be used. A simple method of pieparatioii is said to 
consist 111 heating crude alumina or clay to redness in a cm rent of hydrogen 
chloride and carbon disnlpliidc vapour, and puiifying the aluminium chloride 
so obtained by sublimation over non tilings.^ 

Aluminium clilorido, purified by sublimation over aluminium, forms white, 
lustrous, six-sidcd plates whicli are said by Seubert and Pollard to possess 
rhombic symmetry The slightly impure chloiide is usually yellow owing to 
the presence of a little ferric chloride When slowly heated, aluminium chloiido 
sublimes completely, but when a mass of the chloride is la^iidly heated it molts. 



Temperature 


Fio. 11. — Vapour density of nluniinium chloiido Kosults by Dumas’ mctliod sIioami x , 
rosiilt.s hy Victoi Moyer's method shown 


The sublimation pressure of tlic chloride reaches one atmosjiliere at 17 D“ to 
183 “; the melting point at 2 5 atmospheres pressure is 1!)U' to IDT'^ The 
critical temperature is (>21) 5 “ The ^.lpour density of aluminium chloride 
has been the subject of numerous icsearches The results that have been 
obtained at atmospheric pressure and dillerent tempciatiiies (method of 
Dumas) are shown by ciosses in fig 11. The asterisks in the simo figure 


' Matignon and Hoiiiion, Compt leml , 1901, 138 , <>31, 700, Houmdii, J}iu Chim, 
Fhi/s., 1910, [vm ], 20 , oij. Alumina is not attacked liy SOl-'b at 200 “ (North and 
Hagenian, J. Amcr Ckem. /Vor., 1913, 35 , 3."<2) 

* Dcniau^ay, Compt. jnxi , l''S7, 104 . Ill, (Juantin, ihul., 13S8, 106 , 1074 ; 
Cambouhves, ibid., 1910, 150 , 17."), 22i; L. Moyci, Bn , 1887, 20 , OM. 

® Chuuvenct, Compt, icmt , 1911, 152 , 87 

* Curu', (Virm Nnis, 1873, 28 , 307 For othei methods of jut-pauitmii, soo Pose, I’ogt/ 
Annalen, 1848, 74 , 569, HaMlsky, Ber., 1873, 6 , 195, Tioost and IlaiitcfiMiilIo, Compt. 
rend, 1872, 75 , 1710, 1819; Wcboi, Poijq Anmden, 18.'>7, lOI, 165. IS.'iS, 103 , 259, 
Waneii, Chem. News, 1887,55, 192 ; Faiuo, Compt. rend., 1888, 107 , 3.19, Maheiy, Ber., 
1889, 22 , 2658. 

® Fnedel and Crafts, Compt, rend , 1888, 106 , 1764 ; Soulu-rt and Pullaid, Ikr , 1891, 

* Kniiiijanz and Suchodski, Xeitseh. pJnisiknl. Chnn , 1914, 87» 

’ Dovillc and Tioost, Ann Chim J’hys , 1860, tiii.J, 58 , 257; Nihon and Pottorssoni 
Oe/vers. K iiuni,ku Vet.-Ahad. Fuihandl , 1887, No. 8 , Zntsrh physikaL Chnn., 1887, X, 
459; Ann Uhivi. Bhys., 1890, [vi.], 19 , 145, Fnedel and Ciafts, loc. at. , Fricdol, Ann. 
Chim. Phys., 1890, [vi.], 19 , 171. 
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represent the values obtained by the method of Victor Meyer, in which 
the partial pressure of the aluminium chloride was loss than one atmosphere, 
but had no dohnite value throughout a bcries of cxpciiinenta The theo- 
retical valuo foi Ah(J]„ IS 9 2 (air = l), and for AlClg, 4'(). It will be seen 
tliat from 200" to 400* the molecular formula is AlX’l,, , above t00“ the 
dissociation Ab(’]g:.r:t:2Al(’lj becomes marked, and at and above SOO" the 
dissociation is conipleto The spccilie heat of aluminium ehloiido is 0 188.' 

Aluminium eliloiide dissolves m alcohol and many organic liqiiids. In 
pyridmc, cthei, and in nitiobcnzeno the molecular weight con esponds with 
the simple foiimila Al('l.j“ 

Aluminium chloride is cxticmely deliquescent and fumes in the air. It 
dissolves readily m vvatei with the evolution of much heat (p. (U). An 
aqueous solution of aluminium chloride is readily obtained by dissolving 
aluiniiiiiim or its h) dioxide in aij neons hydiochloiic acid A solution 
containing 40 parts of alummium chloiide to 100 of water has a density 
of 1 '31:15 at 15“.^ Thca([ucous solution has an acid reaction and on prolonged 
boiling loses hydrochloiic acid and becomes tuibid. According to liaud, 
a number of definito basic chlorides exist * 

Tho hexahydrate, AK'lg.SHjO, sepaiates out when an ai^ucous solution 
of alummium chloride is eithei slowly evuporated'' or saturated with 
hydiogon chlondc The hydiatc foims doli(|iiesc(*nt ihomlioliedial crystals 
(ft‘r- 1 0 5350) of piisinatic habit and does not lose water in a sulphuric 
acid desiccator*' I)ilutc solutions, cooled to -8'’, aiu said to deposit tho 
ennea-hydrato AlC'l,, 911./).’ 

Alummium chlondc enters into tho composition of a laigo number of 
double compounds, many of which have been studied by Ilaud ” The following 
compounds with metallic ehloiides aic known — 


2A1(’1,.2NH,(J1 

2A1(’1,2K(1 

2Al(’l,.2Na(:i 

2Al(*l,3Na(*l 

2Al('l,3K(*l 

2Al(1,(;Na(n 


2Al(*l,.(>K(*l 
2Al(4,.2Ag()l 
2A1(1, r,a(T, 
2AI(:ij liSrn, 
2AlCl,.n(’a(:i' 
2AIC1, ilZuVl, 


Tho compound AK’l, Na(!l was foinieily manufactnrod for n.s(‘ in the pre- 
paration of aliimminm. It is not so livgioseopic as alnminiiim chloride, 
molts .at 185', and volatilises at a led heat. Tho componnds AR'lg KUl and 
AlCl., NIl^Cl aro similar 

Tho compound AlClg has been piepaied by Jliill' and I’lato, double 
compounds with solcniiiin and tellimnm Ictiaehlondes bv 'Weber, and with 
phosphorus pcntachloride and oxychloiide by C’asselmann.’* 


^ lUud, Ann Chim , 190-1, [viii.J, I, 8 . 

® Weniei and Scliimijluw, (nwoj C/icm , ls97, 15 . 24 , Hcokinann, 

physikal. Chem , 1903, 46, 860 , Kuhhr, Amci Chem. 19<i0, 24 , 3^,0, lesncLlivdy. 

* Gfilucli, Zcitsch. anal. Chnn.^ 18G9, 8 , 250 

* Haiiil, /ot cit. See also biei'hti and Simla, AW i%,n , 18S3, 2 , .5311 , ToninioBi, 
Ball. Hor.chim , 1882, 37 , 413, Hunt* tcmllc and IViicy, Com})!, mid ^ 1885, 100 , 1219 ; 
Schlunibeigcr, Bull. Hoc. c/tim , 18'‘.5, [in |. 13 , 48 

® Bonsdoiir, Bntfg. Annalrn, 1833, 27 , 271* 

® Dennis and viill, Zcituch anuKt Chem , 189.5, 9 , 339. 

’ Lubaiski, Zeitsch. anmq. Chem., 1898, 18 , 387 

* Bauil, Ann. Chun Phijs., 1901, [viii ], i, 8 , see also p 61 

" Rull and Plato, Ba , luOl, 34 , 1749 ; \Vobei, Vogg. Annalen, 1858, 104 , 421; 
Casseluiano, AnnaUn 1856, 98 , 220 . p. 



AtiniimuM and its coN<iitNEit&' ' ' . 

Anhydrous aliimiiiium chloiide rapidly absorbs dry ammonia. At low 
‘ temperatures the compound AICI3 ONHg is formed, the dissociation-pomt of 
which is - 14 6 ". It passes into tlie compound AlClg. 6 NHg, which is the 
• product formed at the ordinaiy temperature and pressure At 150“ this 
passes into AlClg SNHg ; at 275“ this becomes AlClg.SNHg ; and when this last 
compound is distilled in hydrogen, a compound of the remarkable composition 
CAlClg.TNHg is produced which may he repeatedly distilled in hydrogen 
without decomposition 1 The compounds AlClg.XCl 6 NH 3 (where X=NH 4 , 
Na, or K) arc also known ^ Aluminium chloiide also combines with phosphine. 

The compound AlClg ll.^S can only be obtained by the use of liquid 
hydrogen sulphide It dissociates at —45" into hydrogen sulphide and the 
compound 2 AlClg.H 2 S, which is stable at the ordinary temperature and 
pressure The compound AlClg SOo, prepared by subliming aluminium 
chloride in a current of sulphur dioxide, dissociates at 80", giving rise to the 
compound 2 AICI 3 SO 2 , which can be distilled at 200 “.^ 

With carbonyl chloride throe compounds are formed, 2 AlClg. 5 COCl 2 , melt- 
ing at - 2 “, 2 AICI 3 yCOClo, and 4 AlClj.COCl 2 . The last two compounds are 
said to occur in comnuTCial aluminium chloride.^ 

The behavioui of the preceding double compounds towards water is such 
as would be expected fiom the behaviour of the constituent compounds. 

Aluminium chloride combines with many organic compounds, such as acid 
chlorides, ketones, estcis, nitro compounds, and tertiary amines. Examples of 
such compouiuls are AlCl 3 .((l , 1 1 ,) . 0 , AICI 3 AlClg.NOg (J,ll^ CHg, 

AlgClg 2 CglIgN 02 , the last compound having a molecular weight in carbon 
disulphide solution corresponding to the formula here given."* In organic 
chemistry, anhydrous aluminium chloride is a very valuable catalytic agent, 
as,, for example, 111 the well-known Friedel and Crafts’ synthesos.** 

Aluminium tribromide, Alllr,, is most readily piepared by adding 
aluminium carefully, in small quantities at a time, to bromine, the reaction 
being extremely vigorous ** Other methods of preparation are to pass bromine 
vapour over heated aluimuium or an intimate mixture of alumina and carbon 
. heated to redness.’ The product should be rectified over metallic aluminium. 
Aluminium tribromidc forms colourless, transparent rhombohedia of 
density 2'54. It melts at 93* and boils cat 263’3“ under 747 mm. pressure 
(Mallet), its critical tcmpciaturc is 772" C,® At 444“ and 1 atmosphere 
’ the vapour density is 18 () 2 , the formula AloBr^ corresponding to the 
value 18 12® The specific heat of aluminium bromide (22“ to 76") is 
0’08912, and the latent heat of fiasioii 10’47 cals, per gram , as a cryoscopic 
solvent the molecular depression of the freezing-point is 262 The hiomide 
is a non-electrolyte, but dissolves numerous halogen salts with the pro- 
duction of conducting solutions.** Aluminium bromide dissolves in alcoliol 

‘ Baud, loc. cit ; cf. Stillman and Yodei, Amer. Chem. J., 1895, 17 , 748. 

, ‘ B.iud, loc. cit. 

* Baud, Compt. rend,, 1905, Z 40 , 1688. 

* Kohlor, Avic). ('hem. J., 1900, 24 , 385. 

“ Kiiedclaml (Jiafts, Cumpf rend., 1877, 84 , 1392, 1150, 85 , 74, 672. 

' ^ ® Mallut, rhil. Trans , 1880, 171 , 1003 

’ Devil lo and Tioost, Ann Chim. Phys , 1860, [in.], 58 , 257; Gustavsou, J.piakt. Chem. 

, 1901, [11 ], 63 , 110 ; Kablukoir, J. Rms. Phys Chnn. Sor., 1908, 40 , 485. 

] , ® ^tinjanz and Suchodski, Zeiisch. physikal. Chem., 1914, 87 , 635. 

* Deville and Troost, Zoc cit 

Kablukutr, loc cit.] hbekoff, Zcitsch. auorg. Chem , 1913, 84 , 24. 

** Isbekotf and Plotuikotf, J. Buss. Phys. CfU * 1 . Soc., 1911, 43 , 18. 
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and many organic liquids Tlio molecular weight corresponds to the double 
formula Al 2 Urj^ iii carbon disulphide ^ and in hiomine,^ but in nitrobenzene 
it corresponds to the single foimula Alllr^ ^ From a solution of aluminium 
bromide in etl^l bromide, aluminium can be deposited by eleetiolysis, but 
the deposited metal readily attacks the sohent, butane being ])i()duccd » 
Aliiminiiim bromide is decomposed when heated in o\\gcn. It is 
extremely deli(|uesccnt and dissolves in water with the c\oluiion of much 
heat. The aqueous solution, which may ho pioparcd fiom alumiimim or its 
hydrovido and hydrobromic acid, leacts acid and becomes basic when boiled. 
The hc\ahydi!ito AlBr-j-GII^O can bo picpared by metbods coiiespoiiding to 
tliose given for the hexahydrato of aluminium chloiidc (p. 67) ; a dilute 
aqueous solution when cooleil is said to deposit the hydrate 2AlJir, 151l.,0 ■* 

with the alkali liromidcs, of which 
AlBr, IvBr ami AlBiq Nalh- have been dcsciibed.'^ Willi the tidiromidcs of 
antimony and bismuth it forms solid solutions « ft combines with l^diooen 
sulphide, forming a wdnte, crystalline compound, AIBr, II S, which melts'" at 
f 'vith phosplionis oxychloride, forming a compound of thcmolecular 

carbon disulphide solution.^ The compounds 
A113r,...Hr2 (.^2 and ‘JAlBrj.'iJir^ ('S^ have also been described.’^ lake the 
chloride, it combines with many organic compounds The following aic the 
moleculai foimul.T, in caibon disulpbido solution, ofa few such compounds i 

Al^lh-^..2CJLS()2(’l, Al2lJrQ.2(0,5n3)jjC0, Al,Br,,.2(l, H/’OFl, Al.Ihy ‘iCylLNO^. 

Aluminium iodide, All^, may bo pioparcd by heating aluiMininm with 
lodiiio in a sealed tulie, by passing iodine vapour over healed aluminium, or 
by adding aluminnim to iodine dissolved in carbon disuliihido '• It separates 
from carbon disulpliido in coloniless crystals of density 2‘6.‘l, melts at 125“ 
and boils ^50“, its critical temperature is 955'’ lo At 111“ the vanoiir 
density is -7 0 (air= 1). Uio foimula Al, I, re<injiing28 2 (Devillc and Ti cost), 
l ie vapour forms an oxclubivo mixture with air. The molecular foimula is 
Al^J^j in niolten iodine,^' and iii caibon diMilphidc solulion. 

AluijiiniiLim iodide is very boluble m iKpiid ammonia, fiorn which the ' 
compound AlIj.JONIIj (?) may ho civhtallised at -X)' (’ At 8-13' (J. the 
crystals lose ammonia and lc.i\o tlic compound AILONIIJ- The liouid 
ammonia .solution reacts with potasbiiim amide to fonn a .soluble (ilumimum 
ammonobasic wdule, Al(Nn2), All which crystallises with six molecules of 
ammonia at the ordiiiaiy temperature and about twenty at low temperatures 
This compound reacts with more potassium amide to produce an insoluble 




TattoTi, J. rhy\ii((l Chcm.^ 

' IslukolJ, he at. 


* Kohler, Amrr Chem. J., 1900, 24, .'{86. 

* Beckmann, Zeitscli. anorg. Chem., 19ut>, 51, 96. 

lanj g A’«ss. Phys. Chem. Sor , 1902, 34, 466, 

laU4| 0| 548. 

* Panfilloir, J. Piuss. Phys. Chem. Soc , 1895. 27, 77. 

Weber, Poyg. Amialen, 18r)7, lOl, 466 ; 1868, 103, 2.69 
gotnikoff, J Jiuss. Phys Chem. Soe , 1913, 45, 1102 

33, 429.' ® riobiikoli; J. Pu,,. Phys. Chem. Soe., 1901, 

* Weber, Zoc. ci< ; Deville am- Troost, Ann. Chim. Phi/s., 1800 [ml c8 257' 

.Guatavson, 1874, 172, 173. ’ ^ ' 

11 Zeitsch phyadal Chem., 1914, 87 635, 

IS 5®®kinann, Zeilsch. anorg. Chem., 1J12, 77, 200, 275. ’ 

Franklin, J, Amer. Chem. Soc., 191^ 37, 847. 
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Aliimiiiinm lodido is very sol id de in water, an aqifcoiis solution can be 
readily prepared from aliiminiiim or its liydioxide and Jiydnotlic aeid Like 
the chloride and biomide, it foims a lie\ahydrate, AIL (ill ,0 , it also forms 
a hydrate, ‘J All, .If) 11^0 ^ 

The doidde salts All ,.1x1, AIT, NaT and AlT,.IIi'T, 8H_>0 are known.^ 
Aluminium chlorate, Al(('10,)_, 911 .0, prepared by mixmir aluminium 
sulphate and barium chloiate, removinj^lhe barium Hul])hate, and evapoialmjif 
the cold solution over siilphiuie acid, is very soluble in watei Krom a hot 
solution It separates as tlie hexahydrate. The salt is easily decomposed by 
heat, and explodes when slowly heated.^ 

Aluminium perchlorate, Al((.'l(),),.61I,0, is a colomless, crystalline 
salt, solidilo in water. Its afpieous solution fiives, with sodium perchloiate, a 
crystalline precipitate of alumimum sodium perchlorate, Al\a((’l(),), 1211,0.^ 
Aluminium ^bromate, Al(lir(),), 9Ilp, is prepared like the chlorate. 
It melts at G2'3'’ and easily decomposes ** 

Aluminium periodate, Al(l(),), 3Iip, crystallises in regular octahedra.tJ 


Aluminium and the Oxygen Ohoui*. 

Aluminium SUboxide> — The existence of a suboxidc of aluminium has 
been suspecti'd by several chemists ^ 

Aluminium sesqui-oxide or alumina, ALO.,, is found m the 
crystalline form m n.itiire as tlie mineral coiinulnm. Tt (uystallises in 
the trigonal system (ditiigonal sealenohedial ; a r=l L.'Ui.O)*'' usually in 
double, six-sided jJ.vraiuids and ihombohedra, with the basal jilane It 
is therefore isomorphoiis with feme and cliromic oxides ilaiducss, 9 , 
density, 3’9-t 1 ; lustic, xitieous. The dull and ojiaqiie varieties, or ‘‘common 
corundum,” occur in India, C'hina, Siberia, and the United States,** and are 
largely used as abiading agents The tianspaient XMiieties aic highly 
valued as gem-stones. Clear, colomless stones are known as mjtjthire \ 
blue stones as sajtphnr , led stones as oriniial yellow stones as 

m'iental topa:: or t/t'Uoir snpphnt , purple stones as (mental (unrf/if/st , and the 
rare, green stones as oriental emerald. Tlie.se colouied vaiieties of coiimdnm 
are pleochroic. S.ipplnres are found in Ceylon, Jhuma, Si.im, and paits of 
India, and in the gold-heaiing diifts of Victoiia and Niwv South Wales. 
Oriental luhics occur in Ceylon and also at Mogok, Ujiper Iliirma 

Impure granular or eiystalhno corundum, associated with m.ignetite, 
tourmaline, gainet, etc., occurs m nature as emeri/. It is obtained from 


^ PttnfillolF, 7vj/.w. Phy^. Chem. Soc , 1895, 27 , 77. 

* Weber, loc cit. , Duboiii, Compt, rend., 1908, 146 , 1027. 

® Dobioscrdoll, J JluM Phys. Chnn tSor., 1904, 36 , 468 

* Weiiilaiul and Knsgiabei, Zeit^ch. anojg. Chem , 1913, 84 , 368. 

* DobroseidoO, J. Jtu^ts. P/n/t. Chem. Soc., 1907, 39 , 133 

* Eaklo, Zeitsch Kryst. Min., 1896, 26 , 558. 

’ Pionchon, Compt. 'rend., 1893, 117 , 328 , Kolm-Abrest, BuJL Soc. chnn., 1901, [in J, 
31 , 282 ; Compt rend , 1905, 141 , 323 , Duboin, ibid., 1901, 132 , 826. 

® Melc/er, Z>'ilsch Kiysi. Min , 1902, 35 , 561. 

* Jenks, Qiiait. J. Geol, Soc., 1874, 30 , 303 , Judd and Hidden, Min Mag., 1899, 12 , 
139 ; J. H. Pratt, BiiU. U S Gcol. Survey, 1906, No 26‘» 

^•Various other icd stones aie technically termed ruby, etf spinel, garnet, lienee the 
^Ualiricatiou " oriental ” a]ijdied to corundum rubies. 

“ C. W. Brown and Judd, Phil. Trans., 1896<tA, 187 , 151; Judd, Min. Mag , 1895, ll. 
60 ; Louis, tbid., 1894, 10 , 267. 
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Naxos in tho Greek Aichipehigo, Asia Miiioi, and Massachusetts, and is used 
as an ahriuliiig agent. 

Almnma IS olitiuiied as an junoiplious while powder or giiin-like mass by 
heating almnniiuni h} dioxide or the aluininiiim salt of a volatile oxyaeid, e.ff. 
the nitrate, sulphate, ^ctc When molten alumina solidifies, when tilnmina 
vapour eondenses to the solid state and when alumina sc])aiatcs fiom its 
solid ioti in a suitable solvent, it assumes the ciystnllme form and ehaiactcr- 
isties of coi nudum ^ lihombohedral erxstals ma} be obtained by heating 
amoiphous alumina w dll five turn's its weight of aluminium sulphide in tho 
clectiie fuinaee, and lieatnig the piodm t with hydroehlorie aeid ^ 

The ervstallisation of alumnia has been attempted by v.iiious chemists in 
tho hope' of pii'paimg riibu's and sapphnes. The ruby owes its colour to a 
tnue ol ehromie o\id(' Tho fiist sin'ces'^fiil expeiiments on the production 
ofiubieson a laigc' se.de wi'io madi' by Kii'iiiy and Feil,^ W’ho fused eipial 
pails of alumina and lithaige, plus 2 oi o per cent of potassium dichro- 
mate, in a fiieelay eiueilile at a blight led heat Tho pioduel consisted 
of a layer of load silie.di* ami a \ilirous l.iyei in which ci^slals of ruby 
were embeildi'd Lali'i, bv i<*pl. icing tlu* Idliaige by liarium lluoiidu and 
healing 111 a glass fuimue, I'’n my and Veineuil obtamerl beautiful lubics, 
w'huli iiad aiisen It} tlie action of the finiiace gasi's on alumniium 
lluoride vajKmr ‘ LoNcr obtained lubies by heating sodium aluminate 
(100 pts ) .111(1 potassium dichiomab' (1 pt ) 1o blight nsliiess iii cbloiine.'* 

At the pK’^clll time, lubics aie maniif.u lined liy a piueoss di'vised by 
Veinoiiil The mateii.d U'*c(l ispowdeicd alumina containing a little cliroinic 
oxide (2 T) p('r cent ), prodiKvd by jnecipdatmg with ammonia a solution of 
pure ammonium alum to wliieh a little elnome alum has been added, and 
Igniting the mixed lixdioxides. The powder is fed thioiigh the oxygen tube 
of an nueited oxy-coal-gas blowpipe, falls as a molten drop on to tho end 
ot a small alumma lod, <iiid crxstallis(‘s as luby As the ])ioe('ss is continued, 
the ruby grows upw'ards as .i pe.ii sb.iped diop or “boule ” These “ boiiles” 
liaxe a density of 101. altlmugb extenially smooth, they linxe a crystalline 
structure and dificr fiom ihiliii.il sloiies only in one respect, \iz, they con- 
tain micioseo[)ic air-bultbles and lnic-cui\ed internal stieaks. The sticaks in 
a natnial stone aio stiaight 

Sappliires aie manufaetuicd from alumma to which I .5 per cent, of 
magnetic non oxide and 0 5 jier cent of titanium oxide has been added, the 
mixtine being fused and ciyslallised in an oxx-bydiogen reducing flame® 
The iiitiodiietion of cobalt oxide into alumina can only ho ellected in the 
proseiiee of a tliiid oxide such as lime. The stones obtained aie Iduo, but ' 

* A second foiiii of ( 1111111111.1 is soinetinn's olitaiiied when molten .diimin.i is slowly cooled, 
paiticiilaily 111 the iiK^cncc of .1 httlr inagnusia It is hex.igoiuil, density 3’SO. See 
Kaiikin and Mciwiii, J .Imei. ('hem , 1916, 38 , 570. 

® Iloudaid, C’om;V. rend , 1907, 144 , 1319 

® Fiemy and I'Vil, Compt ynuf , 1877, 8 $, 1029 ; I’hi/ Mxij , 1878, f\ ], 5 , 17. 

* Kn'niy and Vci neiiil, Cnmpt ir7id , 18s7, 104 , 737, 738 , 1888, 106 , 565, 1890, XIZ, 
667, Descloizcaiu, ihid , 18S8. 106 , .567 

Loyer, Bui/. Sor chim , 1897, fiii.J, 17,345 

® Veineuil, Ann. Chm. J'hifs , 1904, [mu ], 3 , 20. 

’ For early wuik on tho luhy, see CiAudni, (ompf rend , 1837, 4 , 999 ; 1857, 44 , 716 j 
1869, 69 , 1313 , Ehclinen, Ann ‘( %nn I'hin., 1851, [111 J, 33 , 31 , Devilleand Caion, ibid,^ 
1865, fix'.], 5 , 104 , ILiutcfcinllc, thid 1865, [iv. I, 4 , 163 , Dela.iy, ('<mpt tend , 1861, ‘ 

985 ; Ue Scnaiinont, /b/fl , 1851, 32 , 762 , Dcxille, /l/ul , 1855, 40, 771. See also Frieod, ' 
Bull. SiK chim , 1886, fii 1, 46, 242. » 

“ Veineiid, Compi. icnd.. 1910, I 50 f 185. 
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ibey aro amorphous, and have not the tint of sapphire.^ The analyses of 
three natural sapphires pave the followinp results — - 


Loc.dity . . , 

Aiistiaiia. 

liidij. 

Montana. 

Ke.O, 

0-920 

0-72 

0-500 

Ti(), 

0 031 

0*04 

0 058 

Si()‘ 

Al,()a (difif.) 

trace 

nil 

0 100 


It has been shown that synthetic and natural sapphires have identical 
properties.^ 

About ten million carats of rubies and six million carats of sapphires were 
manufactured in 1913, and tlio demand is increasing.'* 

Amorphous alumina is a white powder, insoluble m water. The density 
increases with the temporal iiro at which it has been ignited, as follows . — ® 

Temperature ° (\ . . GOO* 700“ 800“ 900“ 1200“ 

Density 2 82 2 83 3 39 3 53 3 92 

When slowly heat(‘d it undergoes an exothermic change at 850“,® and melts 
at 2010“ to 2050 In the electric furnace it melts and boils, and the vapour 
condenses to the crystalline -form.® The specific he.at of ignited alumina 
increases with the tompf'rature, as is shown by the following mean values — 

Temp.intervarC. 15“-100“ 15“-195“ 15“-315“ 15“-120“ 15“-51(r 
Specific heat . 0'2003 0-2195 0*2311 0-2100 0 21G4 

Alumina that has been dried at a low temperature is very hygroscopic and 
forms an excellent diyiiig agent.*® 

Alumina is solublo in mineral acids unless it has been strongly heated 
(above 850'), w-hen it becomes evtiemoly rcfiactory. Calcined alumina must 
be brought into solution by fusion wuth potassium hydiogen sulphate or 
alkali hydroxide. 

Alumina is unaffected by hydroiren or chlorine at a led heat, but is 
converted by fluorine into aluminium fluoride and oxygen. At a red heat 
it is converted into the sulphide by caibon disulphide Alumina is reduced 
, by carbon to the metal at tempoiatures above 2000',** i e. at temperatures 
above which aluminium carbide is unstable *2 It was shown by Moissan that 
carbon reduces alumina vapour.*® 

Alumina is used in tlie manufacture of aluminium , for this purpose it is 
' prepared by igniting the liydroxide, prepared from bauxite as desciilied later 


^ Pans, Compt. raid., 1908, 147 , 933 ; Verneuil, ibid,, 1908, 147 , 1059. 

* Verneuil, (^ouqit raid., 1910, 151 , 1063. 

* Moses, Amer. J Sri., 1910, [iv], 30 , 271. 

* Fora leviow of the subject of synthetic stones, see Levin, J. Ind, Eng. Chon., 1913, 


{j.i, * Mellorand Itohlcioft, 7'ruiis. Eng. Ccramir, Soc., 1911, 9 , 94. 

■ '• Le Chatelier, Compt. lend., 1887, 104 , 1517 ; Bull. Son. chim , 1887, [ui ], 47 , 800. 

' ^ ’ Kanolt, J. WashiiujUni Acnd. Ho., 1912, 2 , 337., 1913, 3 , 315; Bull and Oopcke, 

'•fgaisch. angew. Chem., 1911, 24 , 1459 ; RnfT, Serfcrheld, and Suda, EoisrJi. anorg Ckem., 
82 , 873 ; Ticde and Biriibrnuer, ibid., 1914, 87 , 129. 
iy ■ Moissan, Compt. rend , 1892, I 13 , 1034. 


• Tilden, Trans. Chem. Hoc., 1905, 87 , 551. *. 


Johnson, J. Amer. Chem. aSoc., 1912, 34 , 911. 

Hutton and Petavcl, Proc. Roif Hoc., 1907, A, 79? ^55. 


Askenasy and LebedefF, Zotsch, Elektrochem., 1910, 16 , 559. 

Moissan, Compt. rend., 1894, 1 x 9 , 935 ; BullHSoc chim., 1895, [iii ], 13 , 803. 
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(p. 79). It has been proposed to prepare it from aluminium nitride, 
manufactured by Serpek’s method (p. 8M). Another proposal, uhich may 
possibly develop into n successful commercial method, is to obtain the 
alumina from sodium aluminate, itself manufactured from china-clay.^ 

The porous alundiim laboratory utcn8il.s are composed mainly of alumina. 
Calcined bauxite is fused in a water-cooled electric aic furnace. The 
impurities in the bauxite arc to a ceitam extent leduecd and se^iegateat 
the bottom of the fused mass as an impure fcriosilicon. The cooh'd product 
consists essentially of a large ma.ss of crystalline alumina. It is crushed, 
mixed with a ceramic binding material (ball-clay and felspar), moulded, dried, 
and fired m a porcelain kiln 

Aluminium peroxide. — When excess of 30 percent hydrogen peroxide 
is added to a solution of aluminium hydroxide m 50 per cent potassium 
hydroxide, a white, amorphous precipitate is obtained, of tlic composition 
AloOj.Al.Oj lOIf^O, wlncli reacts as a tine pci oxide Possibly an initial 
product AloOj is formed and partly decomposed by the walci 

Aluminium hydroxides; aluminates.— Two li}(haled oxides of 
aluminium are found in nature in the erystallmo state, namely, diaspore, 
APO, II^O, w'hich 'occuns in oithorhombic crystals (holohedial , u 6 : c = 
0 9372 1 1 0038) of density 3 30-3*15, and hydrargillite {or it 
Al^O, 311^0, which occurs in fibious, nionoclinie crystals (holohedial , a . c = 
1*7089 ’1.1 9181, fi 85° 29') of density 2 12. The most important 
naturally occurimg liydrated oxide of aluminium, howexei, is bauxite^ 
a white, yellowish, led, or browm clay-like, amorphous maleiial originally 
found at Les Beaux near Ailes in the south of Fiance. Bauxite varies 
widely in composition, and consists of ’amorphous, colloidal, hydrated 
alumina (with perhaps a little diaspoie and hydiargillite) associated with 
varying amounts of feme hydroxide, clay, (piartz, sand, etc. It is therefore 
better rogaided as a lock than as a mineral Foimeily, bauxite was 
regarded as a mineral of the.foimula Al^O,.2Kp, but most bauxites more 
nearly approach the ratio Alj,0, 11^0 tlian AFO, 211^ ® Bauxiti* is a very 
x’aluable .source of aluminiimi , it occui.s mainly in the dcpaitment Var 
(P'raiicc), in County Antrim (ficland), and in the states of Alabama, 
Georgia, and Arkansas (America). 

When excess of ammonium hydroxide is added to an aipicoiis solution 
of an alumiiiuim salt, a precipitate is obtained, white, opaijuc, and amorphous 
at 100°, transpaioiit and gelatinous at ordinary temjieraturcs The pre- 
cipitate has a pronounced tendency to pass into colloidal solution when 
washed with water. Air-dried in hot w’eather, its composition corresponds 
to the formula Al20jj.31FO orAl(OII)j, dried at 100°, or at the ordinary 

' Cowles, J. Ind, Eng. Chem , 1913, 5, 331 

^ C. B. Jacobs, V.S. Pat , 659, 92() , Higgins, U.S Pat., 775,654 ; Williamson and 
Roeck, J. Ind. Eng. Chem , 1912, 4, 672 Set* also the following leferenccs ■ ElecUrochem, 
Ind., 1903, I, 16, 1905, 3, 30, 400, EUdrvekem. an I Metall. Ind., 1909, 7, 223; Min. 
Ind., 1911, 20, 31. 

® Term, Atti R. Accad. Lincei, 1912, [v.], 21, 11. 104 

■* Bauer, Jahrh. Min,, 1898, 11 163; Holland, (Jfol. Mag , 1903, 69 ; Dittler and 
Doolter, Chem Ind. KoUoide, 1911, 9, 282; Aiidi^ Gaiitiei, Rn\ gen. Chim. pure 

ojjp/., 1910, 13, 389. • 

* Arsandaiix, Compt, rend., 1909, 148, 936, 1115; see also E. Martin, Ann. Chim. 
<mal., 1013, 18, 297. 

^ When precipitated from alumiiiium sulphate, the hydroxide is contaminated with 
basic sulphate. /' 
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tejnporature over concentrated sulphuric acid, the composition is that of 
a dihydratc, Al^O, 21] ,() The ainoiphous trihydrate is also obtained by 
heating an alkali aliiniinato with aininonium chloride, or by boiling basic 
aluniiniuin carbonate with water, when an alkali ahinnnatc solution is 
boiled, the tnhydrato slowly sopaiatcs in a crystalline form ^ A mono- 
hydrate, AJ/),.n\(), IS said to be obtained by heating amorphous alumina 
with water in a closed tube to 250“.“ 

The cimorphons mono- and di-hydiates arc very hygroscopic substances, 
absorbing water with the foimation of the tiihvlratc or noimal alnminium 
hydroxide At a red heat all the hydiates are conveited into alumina 

A colloidal solution of aluminium hydroxide was obtained by (Vum fioni 
aluminium acetate solution. This w'as heated to obtain a piccipitato of 
basic acetate, and the precipitate dissolved in 200 times its weight of boiling 
water The solution was then maintained at 100“ for some days, when 
complete hydrolysis occuried. The li(piid was diluted and hcati'd to 100“ 
until all the acetic acid had bciui volatilised, fiesh water being added 
from time to time A colourless, tasteless, neutial solution of aluminium 
hydroxide was thus obtained, n'.idily coagulated by salts and a number 
of ackls, and the gel thus obtained dissolving only ui concentiatcd acids 
The solution did not act as a moidanl, and when evaporated at 100“, left a 
residue diflicultly soluble in acids ^ ( Jraham obtained aluminium hydi oxide m 
colloidal solution by dial vsing a solution of aluminium chloride satuiated with 
aluminium hydi oxide The colloid.d solution so obtained acted as a mordant, 
and was readily coagulated by acids, bases, and salts to a gel soluble m diluti* 
acids C'olloidal aluminium li}dio\ide (‘\hibits anodic cataphoiesis , it is 
seen to be a suspension when (‘vamiiu'd in the ultra-micioseope 

In the absence of salts, ficshly pioci])itated aluminium hydiovido is 
perceptibly soluble in ammonia, and much moie so in methylamine and 
other organic bases.® ft is also readily soluble m acids and alkali hvdroxidi's 
When kept nridei water for seveial months,- it becomes dilhi'iiltly soliihle 
in acids and alkalies, eoiiceiitrated snlphiiiic acid excepted ^ The naturally 
occurring hydroxides are not readily attacked hy acids 

Precipitated aluminium h\ dioxide assumes a bright red colour, not 
destroyed hy dilute aectie acid, when boiled with water containing a drop 
or two of I per cent, ali/aiin solution This test leadily distinguishes it 
from gelatinous liydrated silica. Aluminium hydroxide also forms soluble 


^ E T. Allen, tVim. iVcirs, 1900, 82, 75 , Allen and Rogers, Jnter Chem J , 1900, 24, 
804; Cainelley and Walker, I'mii'i. (Jhfm. .S'oe , 1888, 53, 59 , Hon.sdorll, I'oyg Amutlai, 
‘1833, 27, 275; Cossa, Zeihch fui Chem ^ 1870, 13, 413, St CJilles, Ann. Chun. Phys., 
1866, [111.1, 46 58 , Lowe, Znhdi /ni Chriii , 3, 247 , Ditte, ('umpt. rcml , 1893, I16, 183 , 
De ^chulten, thid., 1896, 122, 1 127 , cf. Ramsay, Tians Chmi, ISoc., 1877, 11. 395 , Russ, 
^sch. anorij. Chem., 1904, 41, 216 , ScJdumhergei, Bull. Soc. chim., 1895, [in.], 13, 41 , 
Maumen^, Vilheis, ilnd., 1895, [111 ], 13, 309. 

* Mitschpilich, praU Chem., 1861, 83, 468 ; see also Do Senarniont, Compt. rend., 
1861, 32. 762. 

* Crum, Qnnrt. J Chem. Soc., 1854, 6, 216 , Ann Chim. Fhya., 1854, [111.], 41, 185. 

* Graham, Phil Tinns , 1861, 151, 183 , Ann Chim Phys , 1862, [in ], 65, 17.5. See 
wUo Scliliunberger, lo<\ nt,\ W. Uiltz, Ber , 1902,35, 4431, Ilant/sch and Desch, Annalen, 
1902, 323, 30 ; A. l^lullei, Zeilsch. anurq. Chnn., 1905, 43, 320 ; 1908, 57, 312 , Scluieidcr, 
Annalm, 1890, 257, 359 , Kawamuia, J. Coll. Sn. To^io, 1908, 25, viii. 1 ; Bentley and 

-H. P. Rose, J. Anvr. Chrm. Soc., 1913, 35, 1490 , Rose, Kollotd. Chem. Beihcfte, 1914, 6, 1. 

® Hildebrand, J. Amcr Chem Soc., 1913,35, 864. 

« Reiiz, 1903, 36. 27.'>1. , 

^ Tommasi, Chem. /cvb., 1S>05, 11, 605 ; ChemSSoc AbAr.^ 1905. 88, 11. 712 
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complex substances N\itli many organic liydroxy-tiomponnds. Further, it 
enters into condniiation witli many oiganic colon i mg mattcis, producing 
coloured, insoluble lakes. I pon this piopcrty deiiendh llic use of aluminium 
salts as mordants in dicing. 

Tlie solubility of aluminium hydroxide in acids is due to the fact that it 
acts as a weak base and reacts with acids to produce alumiiuum salts. In 
the sjime way, the solubility of aluminium hydioxidc in alkali liydi ovules is 
attributed to the feeble acidic character of the h3’dioxide It is, in fact, an 
amphoteiic hydioxidc 'J'he ininute amount of aluminium liydioxuh' present 
in aipioous solution in cipiilibiium with the solid phase must Itc supposed to 
dissociate in two ways — 

Al -t d()ll'^Al(()]l),— ir + lUl();(or Al()/aiid 11,0). 

The hydroxide is weaker as au acid than as a base, and the allimty constant 
for the acid dissociation rc'piescnted above lias been estimated * to bo 
approximately 1 10 i e. the acid is of the same oidci of stiengtli as bone 

acid and its alkali salts must be pcrcejitibly h}(liol\scd in aqueous solution ‘ 
J'Tom solutions of aluiuiimmi li^droxide m alkali liulioxides a number 
of solid Hulistanecs, some ol them ci^sUdline, ba\o been isolated, winch must 
bo logarded as salts of alunmuuiu hvdioxide (aluminic acid). 'I’lieso salts 
are called alliminates, and aic mcntioiu'd latci (p 7 <)). The nature of the 
solutions obtained by dissolving abnmiiium bvdioxidc in alkali bydioiides has 
been the subject of much discussion The fiec/inu point of a diluti‘ solution 
of sodium hydioxidc is not changed by dissoKing aluminium b^ dioxide in it. 
Tills would be expected if each Oil' ion used uj) leads to the piodiiction of 
one alummato aiiioii, ? e the icsult points xciy cleail^' to the picscnco 
of a mota-alumiiiate, NaAlO.,, in solution" Dctcnnuiations of the ratio 
A1,0, ■ Na^O (or K,()) in solutions satuiatcd with aluminium liydioxide arc not 
concliisiNO, since the above ratio is mucli gi cater wluai aluminium is dissolved 
in alkali than when aluminium hvilioxidc is dissolved.-* Aioreover, unless 
the atomic ratio Na (or K) to Al exceeds the value two, the solutions are 
unstable. IMic equivalent eonductuitv giadually rises, and aluminium 
hx’ilroxido is slowly [)r(‘cipitat<‘d ‘ "I’lie ebaiige in conductivity is in barmony 
with the MOW that the salt of a monobasic acid is uiidcTgoing bulrolysis, 
Morcovci, no change in conductuitv is oliscncd without the simultaneous 
dcjiosition of alumiinuin Jix’di oxide, so that the latter, when pjoduced by 
hydrolysis, docs not liist pass into colloidal solution These lesults negative 
the suggestion that while some of the aluminium liydroxide dissolves in alkali 
hydroxides with the formation of alkali aluminales, most of the ludroxide 
merely passes into solution as a colloidal h\drosol, whicli, on standing, slowly 
reverts cither to a crystalloidal foim or to a colloidal hydrogel, and bo 


1 Slade, Z>‘iUch anoiq Chnn , 191i5, 77 , ‘1,^7, Wiwrn, J. Avier. Chem. »SW,, 1913,35, 
14P9 ; cf, Woud, Tnins Chem. Hoc , 1908, 93 , 417. 

“ A. A Noyps and Whiliuy, ZciMi phyuLal. Chem., 1894, 15 , 694 
® lien, Zcihch. anoKj. Chem, 1900, 25 , lf*5, Knss, thid , 1904, 41 , ‘JIG, Allen and 
Rogers, Amer. Chem. J , 1900, 24 , 304, Ilfi/, Zeil'^ih, Elekhocheni , 1911, 17 , 403; 
Slade, ihul, 1911, 17 , 261 , 1912, 18 , 1. 

* Ilantzsi’li, ivwrq. Chfi/, , 1902, 30 , 296, Russ, hic ed , Slade and Polack, 

vide infra 

“ Mahin, Ingraliiini, and 0. J. Stt wait, J Avier. them Site , 1913, 35 , 30 , </. J, llilde- 
brand, J. Ama Chem. Sor , 1913, 35 , |54 , Rluin, ibid., 1913, 35 , 1499 , 1914, 36, 2388; 
Mahin, i 6 id., 1914, 36, 2381. ^ 
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|>r6cipitates. A study of the variation of the hydrogen ion concentration 
in an aluminium chloride solution^ as sodium or potassium hydroxide is 
gradually added to the liquid, has been made by Hildebrand and by 131um.V 
The general natuie of their lesiilts may be seen by reference to fig. 12 , the 
points A, D, C are points of inflexion on the curve, and correspond respectively 
to the coniinencoineTit of precipitation of the hydroxide, the completion of the 
precipitation, and the completion of the solution of the precipitate in sodium 



FlO. 12.--ChaTigo of hydrogen ion coiicontiatioii duungpiccipitatioii 
of aluminium hydroxide lioin alumimmn chloiide and solution 
of the piecipitate in sodium hydroxide. 


hydroxide. It is found that be is one-third of ab , ie the results point clearly 
to the existence of alumi nates NaAlOo and KAIO^ m aqueous solution : — 


AICI3 + 3NaOH = Al(OH)> + 3NaCl 
A1(0H)3 -h NaOH - NaAlO^ -f 2H,0 


1883^y® opposed to the view that colloidal solution occurs to any appreciable 
1858! [11. ^^o^eo^er, observations with the ultra-microscopc fail to indicate that 
De SchuUtions are suspension-colloids 2 The microscopic evidence, however 
iSeitsch anor conclusive. * 

aliminatei have been obtained in the solid state, 
1861, 32, 762. crystalline form, by the interaction of aluminium with 

® Crum, Quart, jli hydroxides ® 

‘ Graham, Phil 2 , ______ 

"•also Schlumbergor, loe. mt. , Blum, loc. cit. 

,1902, 3231 30 ; A. Muller, Faraday Soc., 1914, lO, 160 ; Hildebrand, loc. cit, 

' Awmlai, 1890, 257, 359; Ka’en and Rogers, Amer. Ctm. /., 1900, 24, 304; see also 
‘ AV.907, 29, 300; Fr6my, Ann. Chim. Fhys., 1844, [111], 12, 

' I ' 1851, [iii. J, 33, 13 ; Mallard, ibtd., 1873, [iv.], 28, 

7 5®"^’ 36, 27:i1. '•?; Beckmann- J. prakt. Chem., 1882, [ii.], 26, 386 : 

' Tommasi, Chem. /nU, , 1905, 11 Gaudm, il^ 1862, 54, 687, 
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K(A10j).l-6H,0 

Na(A10,).3Hj0 

LiH(A102)j.6H20 

Ba(A10j)j.5IL0 

Sr(A10j),.4Hj01 


CajAliOj.THjO 

BdjALO.-SHjO 

Tl,AlA!7H,b 


Ca3(A10,)j.6H,0 

Sr3(A10g\.CH20 


A number of caiihydroiia, crystalline alluminatcs occur as minerals; c ^ • 


Magnesia spinel or s^nnel ruby 
Magnesia iron spinel or pUonaste 
Iron spinel or hercynite 
Zinc spinel or gahnite 


. Mg(A10,)g 
. (Mg.Fc)(A10,), 
• Fc{A1(),), 

. i!ii(A10,), 


These foui miiicials crystallise in regular octahedra, and are isoinorphouB 
with mayneiite^ Fe(Fc02)2i and chroimte^ Fe(Cr02)2. The mineral chrysoberyl^ 



Fig. 13.— Equilibrium diagram foi the system lime - alumina. 


or beryllium aluminato, llc(AK)>) 2 , is not isomorphous uith the preceding, 
but crystallises in the orthoihombic system (a b c = 0 470;l .O-OHO) and 
is isomorphous with olivine^ Mg,^3iUj Magnesia spinel is often found in 
beautiful red crystals, which are used as gem-btones , such crystals contain a 
little chromic oxide Beautiful yellowish-green crystals of chrysoberyl, found 
in Ceylon, are also used as gem stones. The aliiminatcb of barium, calcium, 
beryllium, magnesium, zinc, inanganeHe, and cobalt were prepared in the 
crystalline foim by Ebelmen by intensely heating alumina and the requisite 
oxide with boron sesqui-oxide until the latter substance, which initially acts as 
a solvent, had been largely volatilised ^ The blue mass obtained in (pialitative 
analysis when testing on charcoal for aluminium contains cobalt aluminate. 


^ Ebelmoii, Ann Chnn. P/iys fl848, Lm It 22, 211 , 1851, 1. 33i 34 , Devillo and ‘ 

Caron, ibid., 18b5 jiv ], 5 , 104 , Ddubnic, Conipt. rend., 1854, 39 , 135 ; Uufuii, J. Pharm, . 
Chim., 1901, [vi.], 14, 25 ; Hedvall, Aiiiv, Kem. Mm. Gcol , 1914, 5 , No. 6 (Co), Jaeger 
and Simek, Pruc, K. Akad, Weimaih. AiMterdam, 1914, 17 , 289, 251 (Li). 

# 
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A thermal study of the system — alumina has shown that four 
anhydrous calcium aluminates can be obtained, of the formiilie 3 Ca 0 .Al„ 03 , 
CaO.AljOg, *)Ca0.3Alg0j, and 3Ca0.5AL0j The second and third molt 
at 1087'* and 1387“ respectively, the others have no ineltin^'-puint. The 
third and fourth eoinpoinids are dimorphous The nature of tlie ecpnlibrium 
diagram is indicated ni fig. 13. Only one magnesium aluminate has been 
obtained, namely, spinel^ MgO.Al^j - 



Fio. 14.— I’lojeotion of hqnidus suifaco for the By&tcni limo - silica - alumina. 

Tricalcium aluminate, 3Ca0.Al20 , is an important constituent of 
Portland cement clinker, i\hich consists mainly (over 90 fjcr cent ) of silica, 
lime, and alumina, its constitution has long been the subject of discussion. 
A complete thermal and optical study of the system Umc - mlica - alumina has 
been made by Uankiii and \\ riglit,'^ and the results, so far as tliey bear on the 
constitution of Portland cement, are shown in fig 1 1, Considering only the 
lime, silica, and alumina content, the variations in the coinjiosition of the com- 
mercial cement are restricted to the area ABQJ). It may be deduced from 
the diagram by aid of tlie Phase Jlule that a fluid mass of this composition, 
when slowly cooled until complete solidification has occurred, is converted 


1 Shcpliord, Rankin, and AViight, Avia, J. Sn., 19^5, jiv ], 28 , 293. 

* Kaiikiii and W«>rwin, J Amci. Chnn Hoe , 1916, 38 , 568. 

» Rankin and Wught, Amer. J. Hvi,, 1915, U'-l, 39. 1; ‘Z- Shepherd. Itankiii, and 
- Wright, J. Ind. Eng, CVtm., 1911, 3 , 211 ; Raiikyi, ibid.^ 1915, 7 , 466. 
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into a mixture of tricalcium silicate, SCaO.SiO^, dicalciiim silicate, 2 Ca 0 .Si 02 i 
and tricalciiini aliimiiiate, ^CaU-Al^Oj. 

Portland cement clinkoi siioiild therefore consist essentially of these three 
compounds if, in its maiiufaetine, the heating bo prolonged for a length of 
time siiilieient foi cqiiililirium to be establislied This deduclion has been 
verified by experiments can led out in the laboi atones of the Ignited States 
Buieau oi Standards Since, however, complete C(piilib;iuin is not i cached 
in its manufacture, the cement also contains lime, ('aO, aial the aluininate 
5CaO 3A1._,0^ as minor constiluents Tlio non oxide eontainefl in the 
cement may be p»e^eut as calcium feiiite oi magnetite, or hold m solid 
solution 111 the com])ouiifls 2(‘.i() Si()_, and oC.iO 2A1 , 0 . 5 , tlie magnesia and 
alkalies aie appaicntly hold in solid solution 111 the comiiomids 2 CaO SiO.. 
and ^CaO.AljO^ * 

In contact with watei, the compounds t’aOAl.O,, .‘l(\i() A1 ,(),,, and 
5Ua0 3Ab()y yield an amorphous hydiale, .U 'aO Ak,0, a ), which” in time 
crystallises, except with tiicalcium aluminale, amoiphous aluminium 
hydroxide is also foimed. A\ hen hydi.ited with aciucous cahuum sulphate an 
additional comiuiund, calniim i,nip/io-nluiiuNttfr^" 3('a() 3 (’aS(),..rH 20 , 

IS formed, which ci}st.illises 111 long piismatic needles*-^ 

Sodium cLlumina.t 6 is manuf.ictuied fiom bauxite, which is ibughly 
powdeied, calcined, and intioduced into sodium li\ dioxide solution ol specific 
graxity I'lo The mixluio is heated uinlei higli-piessuie steam (SO llis. per 
S(]. inch), when the alumina pass's into solution The litpiid is passed 
through a iiltei-juess, and then through wood-pulp to fiiM* it fioin ferric 
hydroxide, etc Aluminium hydroxide is prepared fiom this solution by stirring 
into It a (piaiitilyof the liydioxide pieviously piepaied On stiinding, the 
gieatcr pait of the aluminium separates out from the solution as aluminium 
hydroxide 'I'lie precipitate is washed in a filter piess,and the motluu' liijiiorcon- 
ccntiated and used airain lor attacking moie bauxite This piocess, due to Bayer, 
has largely 8 U})erseded the oldei imUiiod wf <lccomposmg the sodium aliiminatG 
by passing caiboii dioxide through the solution 

Aluminium sesqui-sulphide, Abs,, was lust obtained by Kiemy by 
heating alumina to redness in a cm lent of carbon disulphuh* vajiour. It 
may be obtiinctl by the action of hydrogen siiljihide u[)on alumina at a red 
heat or hy the action of sidjihni on a luxated inixtme of alumina and (‘aibon ® 
Alunimiuni Mil[)hide is icadily prepaicd by healing .diimina with galena 
in a mu file luiiiaei*, or by tlie diiect union of its eleimuits 'J’he powd(*red 
elements aie mixed m a liieclay ciiicible, heated till the si il phi uluses, and 
cooled The reaction is (lieu hioiiuhl .ihoul as 111 a thermit )ca« tam h\ means 
of a firing pow'der igniteil l»y a piece of magnesium iihhon ‘ Tlie siilphido is 

^ P, II. bait’s, Conrn/r-Cc limit Jift {(\iiouf Mill ,Sf(tiov), 2, .‘J , lJUi, 4 , UO, 38; 
1915, 7 , 1 , A A. Klein and A. .1 I’liillijis, jAif/ith Inhi t'omf. Jjijit Clmii , 191 J, 5 , *78 ■ 
cf. .hiiiccko, Zriltich. annuj Chnn , 1911, 73 , 200, 1912, 74 , -128 , 76 , 3.'i7 , lOH, 89 , 355 •’ 
1915, 93> ' *^'id Kiilil, Tull ! ml. -/t it , 1914,38, J05, wJo considci tiiat .1 coinnouud 

SCaO.AlgOs 2 iSiO„ exists 111 tlio ueincnl. 

^ A. A. Klein and A J Pliillips, 7'tfk Tufu n> Bur, Staiul 1914, No 43 , Trans Amer . 
Cer. Sor., 1911, i 6 , 313 ; J. IVask At ad ,Sri , 1914. 4 , 571 

“ (lautiPi, Compf rend., 190(1, 143 , 7, Bin hen 1 , Anf^rh aiuini . (Jhnn , 1892, 5 , 483. 
Eaily icfeioiiccs Fieiny, /f/oi Chun Thys , isr,{, [m |. 38 , \M1 {salutiei, ih„i . 1881 
Iv], 22 , 88 , Vincent, VluL 1857, 14 , 127, .S|iiiMg, Hn , ] 88 ;j, 16 , 1011; 

Reichd, J. piakt (7inn , 1875, (irl, 12 , 55, Stem, ihid , 1871, (n ], 3 , l.{, Krioitn and 
Ehell, Dinql Toly. J , 1878, 229 , t>9, 173 

* Fonzcs-Diacon, Coinpt. rcjul., 1000 , 130 , 1314, W. IhlU and Casj».iii, Zedvh. anno. 
Ch£m.t 1911, 71 , 182 . • 
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sublimation in vacuo at llOO* to 1250°, or in nitrogen at 1600’ 

^ aluminium sulphide crystallises in white, 

• M^stM-hko needles 1 (which are possibly hexagonal) and forms mixed 

f ] ."''o JnA"'""’"- ± density at 13° is 2-02. 

fii^h^InhM^^ aIIT” sulphur and forms aluminium 

fnd sSS? dioUd^. 

scscjui-stilphido is rapidly and completely decomposed bv water 
with the formation of aluminium hydroxide and hydrogen sulphide, a 
^haviour in accordance with the fact that it is tlio salt of a very weak, 
mme^l { “'S°*“W« I'aso and a very weak acid. The decomposition of the 
monosulphide by hydrochloric acid is reprebeiited by the equation 

2 A 1 S + 6IICI = 2AICI3 + 2H2S + II3. 

By heating a mixture of alumina and a carbonate to redness in a curient 
of carbon disulphide vapour, the following double sulphides have been 

sodium-alumimnm 

tulp/iide, 3.Va2S.Al2S3, and banum-, strontium-, and calcium-aluminium 
sulphides. Alumimum-sdver sulphide, SAl.^S^, melts at 1035".3 

“iay be prqiared from its elements as 
described for the sulphide , or by reducing lead bulpliate by means of 
alummium.4 it is a greyish-yellow solid of density 3 437, and is leadilv 
decomposed by water with the evolution of hydrogen selenido. 
nU telluride, Al/l’ej, is prepaied by the direct union of its 

elements. It is a grey solid, decomposed by water with the evolution of 
hydrogen telluride, which, however, readily decomposes 

Aluminium sulphite.— Various basic salts have been described.® The 
acid sulphite solution lias been used for puiifying beet sugar ^ 

Aluminium sulphate, Al 3 (xSU,)j, is prepared m the anhydrous state by 
heating the crystaliuic, liydrated salt. The latter molts iii its water of 
orystallisatioii, swells up, and eventually leaves a iioroiis, white residue of 
anhydrous sulphate. 

heat (0 to 100 ) is 0 185, j.s At a red heat it decomposes, leaving a rLiduo 
Of alumina ; decomposition becomes appreciable at 770° .» It dissolves slowlv 
la water. ^ 

A soltttion of aluminium sulphate is readily prciiarod by dissolviiiL' 
sulphuric acid. The solution crystallises 
.With difficulty, the hydrate A1.,(S0,)3.18H,0 being deposited in thin, six- 


^ C/. Mouilot, Compi. icud., 1890, 123, 54. 

“ Jaennigcn, Uhem, Zentr., 1895, 11. 2U5 

Vols ^yu\ui ®37; forothor double siiliiliides, see 

tv Iloudaid, Compt, rend., 1907, 144 801 1114 

Fodzgs-Diucuii, loc. cit, 

• ® Fonzes-Diucon, loc. at . , Whitelioad, J. Amrr. Chem Soc , 1895. 17 849 

45. 132 ; Musp.att, ibid., 1844, 50? 269’, Sculaii and 
Ifanzoiii, 1884, 14, 360 , Scubertand Eltein, ZeitsJi. anouj. Chem , 1893 4 44 

. ^ Beck 01, Dinflr/. poly. J., 1835, 257, 300. . , 

B.d vSn:Z'..mTw:’803.’-’ 

• Fiiedench, Centr. ihn., 1912, pp. 174, 207. ^ 
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sided, nacreous plates. This hydrate has also been obtained in the form 
of tetrahedra.^ At low temperatures the hydrate Al^(SOj).j 27 H^O separates 
in tri«»oual crystals (a r=l 0 5408). Other hydrates, willi IGU^O, I 2 H 2 O, 
IOH.,0, 9H.,0, 6HjO, 3lloO, and 2 H 2 O have been dosciil)ed. Tlie liydrates 
with 9H^O and 1011,0 arc said to be precipitated by alcohol, and to absorb 
water from a damp atmosphoio, forming the ludiato with 18H,0 The 
hexahydrate results fiom the action of concentiatcd sulphuric acid on the 
hydiato with 1811^0,^ the trihydrate f<»rms regulai tetrah(‘drn ^ n'ho system 
ahmiuium xulphnte - waftr has not yet been systematically investigated * 

The hydrate Al, (SO,) ,.1811^0 is practically insoluble in alcohol. Its 
density is I G9, and its spcciHc heat (15“ to 52°) is 0 353 As a white, fibrous 
ofllorcscenco on shale and other rocks, this hydrate occurs as the mineral 
alunoyen. 

Aluniimum sulphate is used in paper making, as a mordant, and for the 
precipitation of sewage The crude, very impure commeieial piepaiations 
arc mainifiictuied by heating powdeied, caleincd china-clay or bauxite with 
siiliihuric acid, the product being caused to solidify into blocks When 
aluminium siilpliafo is icipured fieo from iron salts it is piepaicd from 
aluminium hydiovide, made as desciibcd previously (p 79), and sulphuric 
acid It is impossilile to se[)aMte feinc* sulphate from aluminium sulphate 
by crystallisation, although the two sulphutes form neither a compound nor 
mixed crystals , hut commciciHl alumiiiium sulphate may be fieed from iron 
by crystallisation if the non sulphate piesent is ledueed to tlie feiious state 
by hydrogen sulphide, Kiil])huric acid, etc ^ 

Tlie and sulphate Al/SO,), II^SO, SH^O has been piepaicd by Hand, and 
also by Wiitli , while Silbeiheiger has described an and miphate of the com- 
position A] ,(SO,),.3HjS(),,7}T/) When aluimimim sulphate is boiled with 
conceiitiated hydrochloric acid and the lapiid cooled, crystals of aluminium 
cIi/o)osulp/ia/<\ AK'ISO, GJI/) aic deposited, which are decomposed by water.’’ 

About twenty dilt’oient basic sulphates of aliiinininin have been described, 
but beyond the statement that the Mihstancc* Al_,(),2SO, and one or two 
hydiates of it arc probably definite compounds, practically nothing can bo 
said about tliem.^ A hydrated basic salt of the composition Al^O, SOJ. 9 H 2 O 
occurs naturally as the mineral u'eUterite 

Alums. — Aluminium sulphate forms double salts with the sulphates of 
sodiimiy rubidium, ca.\ium, ammonium, and thallium (thalloua 

sulphate), of the type U'S0,.AU(S(),), 211120. These double salts are called 
alums, the salt Cs,S0, Al 2 (^ 0 ,) 2 ‘i tir^O, for example, being called cicsium 


^ Gawalow'ski, Chem Zeulr., 1906, 11 , 

* Schniiitiilla, iintsth. amino, (’hnn , 1903, 16 , 20‘J. 

® Boiit/oun'ano, Jnn ('him. Vhf^ , If’SO, fvi ], 18 , 289. 

* See Krcmaim and Huttiiif'ci, Jahib K. K lltU'hsan.'^UiU, 190S, 58 , 637. 

* Wirth and llakke, Heitsch. nnoig, C/tein , 1914, 87 , 47, cf. WiiLli, Znfifch. angeto, 
Chem , 1913, 26 , 81. 

“ Baud, Compt lend., 1903, 137 , 492, Wirlli, ano?tj. Chnn., 1913, 79 , 360; 

Silberberger, Monalsh., 1904, 25 , 220 . 

' Recoiira, Compt rend., 1902, 135 , 736 

“ For AlaOj.2SOj and liydiatf’s, soc’ Spruce, 1> It P , 167,419 (1903); Krrmann and 
Huttinger, loc. cit. Other icfeiriices air . Mans, Pogg. Amialen, 1827, n, 80 ; Raiiimels- 
berg, itnd., 1838, 43 , 583 , Bley, Annalcn, 1854, 89 , 174 ; Bottingrr, ibid., 1888, 244 , 224 ; 
Lowe, J. piakt. Chem , 1860, 79 , 428, Alargiieiilc, Cvmpt rend, 1880, 90 , 1354 ; Athana- 
sesco, ibid , 1886, 103 , 271; Debray, BulL Soe. chim., 1867, [11 J, 7 , 9 , Gadumcr, Chem. 
Zentr., 1895, 11 . 1067, Pickeiing, Trans. C^m. Soc., 1907, 91 , 1981. ^ 
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aluminium aliini, or simply rcfsnwi alum.^ All these salts arc isomorphous 
with one another, usually crystalhsiii^; in regular oetahedra or combinations of 
the octahedron and cube. Furtlier, isomorphous series of double sulphates of 
the same type, 211120, arc known, in which ll’ may, as before, 

be Na, K, Jib, (!s, NH,, or Tl,“ but in which It'" is not Al, but (hi. In, Cr, Fe, 
V, Co, Ti, Mu, or ith. All these salts'* crystallise in the legular system m 
crystals of octahedral habit, and, like the double aluminium sulphates, are 
also called In naming one of these alums, both metals must be 

mentioned, the salt ltb2S(),.(\)2(SO,)j 2411,0, for example, being ealh'd j uhnbum 
cobalt alunij while with an aluminium alum it is usual to mention only the 
univalent metal piesent. Finally, analogous and isomoiphous double 
are known, and called selenium alums , e <j , the salt Tl,f5eO| Cr,(SeO,)j 2IH2O 
is calletl thallium chromium selenium alum , and mhed alums, m which 
one component salt is a sulphate and the other a solen.ite, ha\e also been 
prepared.* 

The alums are described in this series of text-books under the hf'ading of 
the tcrvalent metals present. Hence only the aluminium alums arc desci ibed 
in this chapter. 

The alums arc readily prepared in the crystalline form by allowing 
aqueous solutions of the rc<iuisite sulphates, mixed in the ratio of their 
molecular weiglits, to csapoiato slowly at the oidinaiy tempeiatuic 'riio 
crystals which then separate almost invariably possess an octahedral habit, 
but in the presence of small quantities of foreign substanees, the habit may 
undergo considerable moditieation Tlius, it lias long been known that 
below 45°, and in the presence of a tiaee of basic alum, potassium alum 
crystallises in cubes and not in octahedia** Moreoxer, it is an old obseiva- 
tion that sodium alum may separate out in monoehnic ei}stals," but 
according to SurgunofT the monoclinic foim (a l> ^--2510 1 • O'OOH, 
^=109" r) has the formula Na2SOj.Al2(S(')|)/22lf 4) and separates from 
supersaturated solutions at temporatuics above 20 

The densities of the aluminium alum.s at 18“ to 20’, accoiding to the 
careful determinations of Pettersson, are as follows — ® 

Alum . . Na K Kb (’s Nil, Tl 

Density. . 1-(>9I I'Tol 1 890 1997 H;!2 2 870 


^ Lithium alum xvas .said li} Kialu\ans/ky tu luMibtaiiu'd inmi iujupoiis soIutiMU xilioii 
crystallisation takfs jdaco ludow 11' I’ {Schin nujeds J , 1S28, 54 , 34l>). Its cxisti'iicc vas 
denied by UaniniclslH-ig {I’hnnn Centr , 181!*, lOli). Si'lnnnomakri and do Waal 
{Chem. WeeWad , 190(), 3 , r*3U) liavo show 11 that litbnmi alinn duos not exist at 30' A 
study of the svslcni L 1 JSO 4 - Al.j(S 04 )j - llgO at 0' C. W(mld juobably piovc ol intrust 

® Tho sulpbatos of bydioxylaniuie and iiummnis uliplialK- aininrs also conilaiic with the 
Bulphatc.s of aluminiuTM, ctr ,'to tnini alums. 

^ All the possible conibiiiatious air not known In a small nunibci of oasivs the 
attempted preparation has failed, and m othoi oasos the conibinatiuns liaxr nut Ik'cii tiicd 

* Gciiehten, Annaleii, 1873, 168 , 214. 

* Weber, Potjff. Annalrn, 1860, 109 , 379, Jannetaz, JMf. Snr. rhim , 1870 , fii], 13 , 3 ; 
Leooq de Hoisbaudran, Bull Soc. clam., 1S79, |ii.], 31 , 290, Weybeig, Chnn. Zentr., 
1910, 11 . 1026. 

* Frcmy andPeloiizo , Leblanc , Kopp, Anmtlni, 94 , 122 , Von Hanoi, Julursbcr., 
1865, p. 181 ; Loewel, Ann. Chnn Phys , 1855, liii |, 43 , 114 , I'ciso/, Ann. Chim. riiya., 
1849, |ui.], 25, 257 , Polls, Bei., 1880, 13 , 360. 

’ Soret, Arch. Sci. phys. nat , 1881, [m 1. il, 62 

* burgunolf, Bull Arad. Sri. Vdnnjiad, 1909, p 1057 , Soiet snggosted 23IIgO 

* Pettoisson, Nova Acta Soc. Upi>ala, 1873, [ 111 . J, 9 , No. 4 , rf. Spiiiig, Bull. Acad, roy, 
Bdg , 1883, [ 111 .], 6 , 507. 
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while the refiactive indices for tlio I)-hno arc given by Soret^ as follows : — 

Nil K Kb Cs Ml, T1 

1 1-1561 1-45G6 l-loSG 14591 l-KlTf) 


The solubilities of the alums - aio gueii in the aecoiniianyiiig table — '' 
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It will bo noticed that lubidiuin and cicsium alums aio only sparingly soluble 
in wat(‘r The alums aio insoluble' in alcohol They molt in their water 
of ciystalli-sation at the following temporaturos (I.ocke) 

Alum i\a K Kb (’s NH, T1 

Temp 9r 109’ V22' 95' 91’ 

The alums aic oonipletoly dehydrated at 200’, mfoimation coneerning 
lower hydiates i.snot \ei} delinite * The porous mass obtained by deh\draling * 
potasMuni alum is called burnt alum, and dissohes sIowIn but completely in 
water The i<rnitioiiof pure ammonium alum lea\es a lesiduc of puio alumina, 
which is conveniently piepaied in this mannci 

Aipieous solutions of the alums have an acid icaction and in dilute 


^ Soift, Jnli Sci. pJtys. not , IsSl, [iii ], I2 , , msj also ibid , ISS.I. fill 1 n .f) • ia 

96, 1SS8, 20 . frJO. J. 

“ A = gumsaiili}(lr(uis siiltiiri lon f/mms watei , K = giaiiisri}st.il]inc, liydnilpd salt per 
100 giaiiis (p\Im) wal(M Tlio '•oluluhl} of auirnonuim alum is iii iie*'(I of ii'cipteiininatidii. 

* Pog^iale, jlmi Chun Phifs , 1813, [iii J, 8 , 167, Si-ttcihcig, Aiinafcn, 188:;, 211 , 10-1 ; 
Locke, yimer C/irm. J., 1901, 26 , 166, Maiinu, fhizzidit, 1905, 35 , n. ;J51 , Kail of 
lleikeley, Phif Tinns , 1904, A, 203 180 , W. R Sniitli, J. Awr, Chrm .S'o, , 1909 31 
245, ^^adlllol(■, Vior ('hvm Sof , 1905,21,1.50; Halt .iiid Huso] ton, ./ .t oiei . ( 'hrm. 'Soc.[ 
1914, 36 , 2082 , Seuloll, Suluhilifus ((liosby, Liakwood k Son, 1907), pp 13-1,5. 

* I’rechtaml Kraul, Annalcn, 18"5, 177 , M4 , Lehooiii and Mathinin, Jialf Sur ihini. 
1888, [ 11 .], 50 , 33 ; Mauiiieiif', i(nd , 1S.S6, [ 11 ], 46 , 261, 807, lioissien, ibnf., 1887, In.], 
47, 494, Nauinaim, JJer., 1875, 8 , 1630, 1877, lO 4.57, Mnllei-Ei^batli, /in., 1888, 21 , 
2222, 1889, 22 , 3181 ; Liiptoii, C/tem Xeira, 1871, 30 , 272, Kumc and Valson, Compt. 
rend., 1872, 75 , 803 , Locke, vide supra ,^ail of Berkeley, vide .supia. 
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solution bcliavo as would be expected of solutions of mixed sulphates which 
did not interact to any appreciable extent to produce complexes.^ 

Sodium alum, Na.^S 0 |.Al^( 80 |) 3 . 24 H 20 — The existence of tliis alum, 
occasionally denied, has been pioved by Wadmoie and by W. K. Smith 2 The 
alum is extremely suhiblc 111 w’atei Scvcial methods of jiiepaiation have 
been patented.*^ Sodium alum occurs as the mineral mendozite in South 
Amciica and Japan.'* 

Potassium alum, K^SO, ^112(804)3 24JI2O.— This alum IS an article of 
commerce, being used as a mordant, in the pioduction of other aluminium 
mordants, in the manufacture of lake pigments, in dressing skins to produce 
white leather, 111 sizing paper, and 111 tlic juoduction of fire-proofing materials. 
To a small extent it occuis naturally, and it i.s m<inufacturcd fiom aluminiiini 
sulphate (prepared from bauvito or china-clay) and potassium sulphate, from 
alum-rock and from alum-shale. 

Natural potasbium alum occurs as fibrous crystals or as an efflorescence 
on aluminous mincials at Whitby, (lampsie, etc. At Solfatara, near Naples, 
and in the islands of \ olcano and Milo it occurs in some quantity, and when 
twice recrystal liscd fiom water furnishes very good alum. 

Ike manur<ictuie of alum fiom aluni-iock or alunite is an industry which 
dates from very early tunes Jt was introduced into ICuropo in the thirteenth 
century, and sevcial alum works wore established during tlie fifteenth 
century^ notably the celebrated works at La Tolfa near Civita Veechia. In 
this distiict the maniifactuie of the .so-called Homan alum is still an important 
industry, and the alum prepared thcie has always been highly valued on 
account of its purity. Alunitc may be regarded as a double salt of potassium 
sulphate and a basic alumniiuni sulidiatc, K2SO.,.A].,(SO,),j 4Al(01l)j Jt is 
a miueial which occuis 111 largo quantities at i^a Tolfa, m 'Hungary, at Puy* 
de-Sancy and Madiia in Auveigne, and m numerous other local it los, having 
been formed by the action of volcanic gase.s upon felspathic tiacliyte In 
the modern process, alunitc is calcined at 500 " to 1000" and the jiroduct 
treated with sul])huric acid A solution is thus obtained which deposits alum 
when crystallised, leaving an excess of aluminium sulphate in the mother 
liquors. It is usual, therefore, before crystallisation, to add sufficient ])otassiuni 
sulphate to enable all the aluminium sulphate present to be conveitcd into 
alum. 

The pioduction of alum from alum-shale, an industry of great antiquity, 
is at the ])iescnt tunc only of .slight commercial importance. Ahnn-alKile is 
a kind of shale 01 slate containing iron pyrites disseminated throughout its 
mass in a veiy finely divided state. On prolonged exposure to the weather 
the pyrites undergoes oxidation and the sulphuric acid produced attacks the 
clay. The weathered product, when leached with water, gives a solution con- 
taining aluminium sulphate and other sulxstances It was known to Agricola 
and Libavius that this solution would not crystallise well unless an alkali had 
been ad<led to it, and each of these writers describes the early practice of 


, ^ Giiiliain, 18.51, 77 , 56; Maritime, Ann, Chim, Jhys ^ 1874, fv ], 2 , 546, 

Rudorif, Hrr , 1888, 21 , 4, Geikcli, ZtxUch. annj. Chem., 1889, 28 , 48.5, Jones and 
' Mackay, Amcr. Cheni. J., 1897, 19, 83 , raiauns and Evaihs, J. Anin. Ch'm, Soc.. 1910, 
32 , 1378. 

2 Wudmoro, Proc Uhem, Sor.^ 1905, 21, 150 , W. R. Sinitli, J, Amcr. Chem. iioc., 1909, 
■ 31 , 245. 

» Eny. iW., 6650 (1881); 5644 (1900), D R.P., 50,323 ; 141,670. 

* Divei'b, Chem. Xeus, 1881, 44 , 218. 
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adding decomposed urine to tlie solution to facilitate its crystallisation. Henco 
the alum prepared must have been mainly ammonium alum. Ijiiter, the 
uiine was replaced by potash in the mamifactuie of alum. The fact that 
alum contains two bases, alumina and potash, w'as discoveied by IMarggrat 
and emphasised by Lavoisier, but was not geneially acce 2 Jted until l7l)7, when 
Chaptal and Vanqiielin showed that potash was an essential con.slituent of 
ordinary alum, but could bo replaced by ammonia, and that alum could bo 
prepared from alunite without the addition of potash because iiotash was 
already present 111 the mineral. It should be mentnaicd that the piesence 
of potash in alum was known to Bergman and Schcelo, but they looked upon 
it only as an impuiity ^ 

Tlio alum-hhales at Wlulhy have heen hugely worked for alum since the 
time of Qiiccn Klizabcth, though not woiked.al the inescnt time Tho 
shale.s found in the West Biding of Yoikshiie, lioweier, are still utilised tc 
a small extent Unless sulliciently bituminous, the shales aio mi\ed with 
fuel and slowly roasted , but some shales contain siil)i(‘ient cat honaecous 
matter to lender tho addition of fuel iinneee.ssary The i (Misting lasts for ten 
day.s, and the tompeiatiiio never le.iches a red heat. Tlu* juodiKi, which 
IS light red, s<jfl, and jioKais, is treated with snlphuno acid (dcnsitv J ’35) 
at 110° in le.id-lincd vcsssels The solution oi inqiuie alnminiiini sul[)hate 
thus obtained is iiiiM'd with potassium sulpliate and raiudlv cooled with 
stiiriiig to pioduce small crystals ot “alum meal ” The meal is drained, 
w'ashed with mother Inpior from “block alum,” dissolvi'd to foim a hot, 
saturated solution, and treated in leaden ve.ssels with a liUle si/e, which pre- 
ciiMtates a quantity of insoluble matter. The clear .solution is IIkmi run into 
tubs fitted with movable, lead-lined staves. Aftoi seveial da_\s the staves 
aro removed and a hole is bored in each nia.ss of “block alum” to idlow the 
mother iKpior to dram away. The “block alum” wlicn lirokim up is loady 
for the market. When slialc is (‘inploved eontainmg mucli nr)n, it is the 
custom to add iiotassium cliloiide, either alone or mixed with sulphate, 
instead of adding ijotassium sulphate to the .solution of alumiiniim sulphate. 
By this iiicaiis coutamuiation of the alum with isomoiphoiis non alum is 
jirevcnted, the iron remaining behind m solution as ferric chloiide “ 

Potassium alum becomes white and opaque on the siiifacc when exjiosed 
to thcair, a change brought about by the ab.soii)tion of ammonia and foimation 
of a basic salt. When dried over snlidiuiic acid oi heali'd to GT, alum loses 
18 niolcciile.s of water of crystallisation. 

AVhen an alkali is slowly added to a solution of alum, a piccipitate is 
produced which redissolves on stiiiing until a (cifaiii amount of alkali has 
been added, after which the fuither addition of alkali leads to the juoduetion 
of a permanent precipitate Tho soliilioii which is on the point of yielding a 
permanent precipitate i.s known m commerce a.s neutral alum, and is used in 
dyeing, since it readily gives up alumina to the colouring m.itter. When 
heated to 40°, a precipitate is produced the composition of which maybe 
represented by the formula K^SO^.Al./SO,), IAl(()Ii)„ le it is identical in 
composition with alunite. Tho precipitate may be obtained in the crystallinq 
form by heating the solution m a sealed tube to 23U". 


^ Roscoe and Schurlemnier, A Tieutise.on CV/mjj/n/ (Macinill.iii &t’o., Srrl cd , ]907). 
vol. it p. 720. 

“ Further details of the maiiufactuiofcof alum will be found in Tlmrpo, A Dictionai'y of 
Applied Chemistry (Longmans k Co., 2n^l ed., 1912-13), vol. i., article “ AlumiDimn.'’ 
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Crystals of alum haviiiijf a cubic habit arc obtained by the crystallisation 
of an aqueous solution of the salt to which a little alkali has been added 
(p 82) A study of the cr\stalhsatioii of alum fiom hyilioehloiic acid 
solutions of diderent eonceni lations, and at vaiious tempeiatures, has 
shown thrit alum eiy.stals oc e.isionally exhibit the faces of the pentagonal 
dodecalnslion (2 10) ^ 

Potnu'^ium niunu/uNin sulphate ortahipbate, KjSOj.Ah,(S()^) j Sll ,0, sepa- 
rates in sh'iider ciystals when alum is melted in its water of crystallisa- 
tion and the fused mass maintained at about 8(r. Analogous salts are 
known cont.aninig indium, thallium, and the rare earth metals in the place 
of aluminium.^ 

Rubidium alum,^ Kb,so^ \i..(S()^), 21]Jjj(), and caesium alum,^ 
Ch/SO^ Al.,(S()j),.2tJl .0, lia\o been piepared by several chemists 

Ammonium alum, (MI.I.SOj.AI/SO,), 2HU), Mas foimerly manu- 
factured in baigland to a very laige extent, but at the iiresent time it is 
mainly the potassium salt that is prepared. (Wimeroial aliini is oft(*n a 
mixtuie of potassium and amnioniiim alums® 

Ammomnm nlumiumni sulphate octahi/ilrate, (iVlf,).S(), AI ,(S(),), 811 >0, 
may bo prepaied like the corresponding potassium sfdt (Marino), or "by 
seeding a supcusatuiated solution ol ammonium alum with a crystal of the 
corresponding thallie salt, (\II,),S()^ T1 /SO,), S|I ,0 « 

Hydroxylamine alum, (Nil. (MI). st^Al/so,), 2111,0, has also been 
prepaii'd ’ 

Silver alum, Ag.S(),.AUS(),), 2111.0, is said to be piepaK'd by heating 
silver sulphate ami aluminium sulphate, together with a little watei, in a 
sealed tulie, and alloM mg the solution to cooP The OMstenec of this alum 
is denied by Retgers 

Pseudo-alums — A nnmbei of doulile sulphates of the tyia; 
R"S(),.yR(S(),), 2111,0 have been doseiihed, namely the Fe, Zn, Mg, and Mn 
salts. They arc c.illed pscndo-alums, and aic not isomoiphoiis with oidinaiy 
alum. Very little is known coneeiiiing these salts, which leijunc to be le 
investigated." 

Aluminium dithionate, Al,(S/),,), 18TM), forms deliquescent ])lates, 
soluble in w atcr and in alcohol. A” double salt, A1 /S,() ) ,.( N 1 1 , ) .S ,( ) .27 1 1 ,0, 
ia also known.'® ^ \ i - - o 


* Zenijatsclicnsky, Ztdsch. Knjst Mnu, 1913, 52 , (JOt, sre iiKo Srlmlmikdw, Bull 

Acad. Bn rdiogtad, 1913, p 817, Wchoi, Pn^fq Aunulen, 1800. 109 379, Li'cihi (h* 
Boisbaiidmn, i^mpt rnid , 1879, 88 , 360 ; L WulIF, Znt>.rh, h'n/sf Mm , 18M, 1 ; 81 
N. S. Kiiriiakoll, i/ml , 1881, 5 , ii91 * ’ 

“ Mann.), (hzirtta, 1905, 35 , n 341. 

> Bunsen, P»qq Aunalcn, 1863, 119 , 1 , Rftdtoiih-irlier, J piukf Chnu , 1865 94 , 442, 
Pettersson, Bcr., 1876, 9 , 1,561, Til<lon, Tram. Chnn. So/., 1881, 45 , 266, Scttcrbeie, 
Annalcn, 1882, 2 II, 100 , Locke, Amn\ Chem J, 1901, 26 , 166 ; Kail vf IJcikeley, Phil 
Trans , 1904, A, 203 , JS 9 . 

* The refi‘u-nees cited m the preceding footnote, and Ilait and Iliibolton, J Amn Chnn 
Soe., 1914, 36 , 2082. 

® For basic amnioiiium aluminium sulphates, see Mans, Potfg. Aimalcn, 1827, 11 , 81 , 
Riffaut, Ann. Chnn. I'hi/s., 1821, 16 , 359 , Stolha, J. prakf. C/iem., 1864, 93 , 117. 

® Piccini and Fortiin, Zntsch. aiiotg. Chnn , 1902, 31 , 451. 

’ Moyentigh, Bcr., 1877, lO, 1946. 

* Climch and Northfote, Chem AWs, 1864, 9, 165. 

® Klauer, Annahn, 1835, 14 , 261 , Rarnmelsbeig, Pogg. Annahn, 1838, 43 , 399, Apiohn, 
ibid., 1838, 44 , 472 ; Pruc Rou lush Acad. 1839, a, 51, 

“ KluhS, Annalen, 1888, 246 , 179, 284. , 
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Aluminium selenite, Al^(Sf(),)j 711^0, is prodncod by troating the 
basic hclciiito obliiiiK'd from .'ijuiiiiiinuu Milphato and sodium selenite 
with a dilute solution of selenious acid It is si>ariiigly solnblo in 
water. Two acid selcnitcs of the foimulje 2\l,(SoO,), 311 ,Se(), yil.,0 and 
AU(Se()j)j 31f_,SeO, have also bi‘«‘n dosriibiMn 

Aluminium selenate, AIaSoO,),, i.s formed b^' dissolving ahimininin 
hydroxide in selenic acid .ind heating to expel the e\c«‘ss of acid. It ia 
soluble in w.itei, but no h\(liates liavc bi‘en desciibed 

Aliimiiiiuin .''elenate forms double .s(denate.s with the .selenate.s of schIiuih, 
potassium, rubidium, ciesium, ammonium, and lhalliiim the foimuhi; of which 
aie of the type U^ScOj Al_,(Sc()j)j i e they are alums (p R2). 

They have been examined by xaiioiis chemists - The densities of the seleniinn 
alums aie as follows ( l’(‘tt(‘i.sson) — 

Alum . Na K Jib Os Nil, TI 

Density . LM)(;7 2 201 2 134 2*224 1 SOO 2 503 

Aluminium chromate. — V yellow', flocculent preeipitate of fume 
aliuimin/tif cfit<unat>\ A1 3),.(h(), 711 /), is produced by aihliug i’Otnssium 
chiom.itc to a .solution of alum.' 

Aluminium molybdate* —A white, amorphous precipitate of the 
composition oAl 3), 2Mo(), / II 3) is ohtanied hy arldnig sodium molyhdato, 
NaAIoO,, to a solution of alum The double salts Al^(\Io3 )-),..{\ mMo^O^, 
wheie X i.s \a, K, or Nil,, aie known and pos.sebs 22, 20, and 20 molecules 
of watei of ci^stalhsation lesjieetixely.* 

Aluminium silicomolybdate, 2A13>, (SiO, 12Mo(),), 0311.0, erystal- 
hses 111 yellow, legular ociaheilrn, isomorphou.s with the eoiiesponding 
hilicotungstale '' 

Aluminium tungstate, Al_,\vy>,, OII.O, is obtanuMl as a wlnte, lloccu- 
leiit preeipit.itc 1)V adding a .solution of tlie coi lesponding bodiiim tungstate 
to an anueous solutuui of an aluminium salt" 

Aluminium silicotungstate.- Tins compound is extnunely soluble in 
watci and three hvdiatcsaie known Tlic hxdratc 2 \l_,0,(Si()^. 1 2\U),), OSlf^O 
ery.st.illiscs ni rcgulai o( tahcdr.i , tlic hy<liatc with S7113) crystallises in 
rliomh(jhe<lia (fr r J 2 0053), and the hvdialc with OOll ,0 foinis tnclmic 
crystals b/ h c 0 S303 1 1 O05« , a tf7" 11', /i 10.5"“ir, y 01" J 8'). 

The first two salts aio thciefore isomorplious with the coi responding gallium 
salts (see p 1 IS) ’ 

Aluminium phosphotungstate, Al/), has been described 

by Kehrmann " 


' Xilscin, Nma Ada Sor rjisnla, l.srr., (m j, o No 7; /in., 1875, 8 , 6:>C> , Hull. Soc. 
chilli , 1875, [u ], 23 , 491. 

“ WVlici, I'oijg Anuitlen, IS.VI, 108 , «>!.'», VV„l,hMll, Annaffii, 1800, 114 , 180 
r.'ttprsv.ii, Hei , 1876, 9 , 1503, .hia Soi Ujua/a 1873, [111 ], 9 , Xn 1 , Kubre, 

Cvmpf. rmd , 1887, 105 , 114 

® Fainic, Quart. J. Cliem Hoc., 1852, 4 , 301 , Elliot uiid .Stoici, Proc Amer Acad., 
1862, 5 192 

^ Miu\e, J. prakt. Chnn., 18.5<, 61 , 459, Ueiitcli*, iftirf., 1860, 8 x, 411 ; I’aniioiitier, 
Ccnnpt. lend , 1882, 94 , 1713 

“ Copaux, Ann Chim Pkys , 1906, [vm ], 7 , 118 

® Lt)t 7 , Aniinh-n, 1852, 83 , 65 , Anthon, ./ pmk-t Chrm , 1836, 8 , 399 ; 1836, 9 , 387. 

’ NVyiouboll, Bull. Soc Jiunc Mm > 1896 , 19 , 219, 1905, 28 , 237. 

® Kcliiinann, Zcitsih, anorg. them ,,1892 i, 121 . 



ALUMINIUM AND ITS CONGENERS. 


Aluminium and the Nitrogen Group. 

Aluminium nitride, AIN. — Tins compound, discovered by Mallet,* may 
be prepared by heating (nicly divided aluminium in nitrogen at 820" to 1000", 
powdeiing tlio piodiict, and reheating in the gas once or twice.® It is pro- 
duced when aluminium is heated to 700“ in ammonia,^ and is manufactured 
by heating a mixture of alumina and carbon in a current of nitrogen . — 

Al/), + 3G -f- Ng— 2A1N -}- SCO. 

In Sorpok’a process, a mixture of crushed alumina or bauxite and carbon 
travels down an inclined rotary kiln, drops into a hopper, and is fed into 
another lotary kiln, a short length of which i8*!naintained at loOO" to 1800“. 
Producer gas passing up to the kiln supplies the requisite lutiogen The 
carbon monoxide produced is burned and the hot gases blown up the first 
kiln to preheat the initial charge.^ 

As usually prepared, aluminium nitride foims a grey, amorphous solid 
It begins to sublime, wuth partial dissociation into its elements, at r. 1900" C ; 
the vapour condi'iises to colourless, hexagonal needles It is decomiiosed by 
water, ^slowly at 0”, lapidly at 100“, aluminium hydioxido and ammonia being 
produced , couseipiently it dissolves readily m «ilkab hydroxides 

Aluminium phosphide, AlP, prepared fiom a mixtuie of aluminium 
powder and rod phosphorus by the thermit leaction,'* is a fiiable, yi^llow solid 
which 18 decomposed by water with the evolution of phosjilinie The 
phosphides A1,P„ Alr,r„ and Al^P have been d<*sciibed ‘‘ 

Aluminium arsenide, AlAs, prepared like the phosplude, is a grey, 
friable solid, decomjiosed by water with the evolution of arsine ’ 

Aluminium nitrate, A1(N(),), 9II/), is prepaied by dissolving aliimiiimm 
in nitric acid of density 1 42 and crystallising the solution It is diinoi jiboiis,'^ 
crystallising in flat, orthorhombic crystals (« * h c 0*8920 *1.1 0202) or in 
monoclinio piisnis {a h .c 1*1.31*0 . 1 : 1*9191, p • 1.31“ ,3()') isomorphoiis 
with the corrc.spondiiig ferric salt^ ft melts at c 70’, and at 110' is cfim- 
pletely decomposed, amorphous aluinmiiim hydroxide being left The 
aqueous solution when bcatc<l deposits basic salts “ 


^ MalK't, Trans. Phem , 1S76, ii 349 

■ Ficlit(’i, Zt>isih nvorq (Vtem , 1907, 54, 322 , Arch Sri. phyi. nnt , 1913, [iv.J, 35, 
869 ; Ficlitfi luid S|n'n^,'el, Zntinh anoiq Chem , 1913, 82, 192, Wolk, (^ompt und , 1910, 
Kl, 318; .SiTpek, ilnd., 1910, 150, 1520, Amns, l%nn. Zentr ^ KSS9, 11. i>13 , J, Wolt, 
'MiUch. anorg Chem., 1913, 82, 192 , 191 1, 87, 1*20 ; Kuss, Zntsch. Elckfurhcm , 1913, 19, 
928 ; Fichterand OestcihcM, ibid , 1915, 21, 50 

• Wlnte and Kirschlininn, J. .liner Chnn Soc , 1906, 28, 1313 ; Soliaiiupoiilos, Bnlf. 
Soc, chim , 1909, fiv ], 5, 614 , soo also Matignoii, Compt rend,, 1900, 130, 1390 , Fianck 
and Roasel, ibid., 1895, 121, 911. 

* See Dony-JI<5uaiilt, (Jail, an*! (Juji*, Puncipes ct applications de Velertiochinnc (Pans 

1914), p 550 , Knox, Fixation of Atnw^phcric Nitrogen (Gurney and Jackson, 
2' fans , J- W. Hichaids, Tians A met Elect loclicm Soc , 1913, 23, 351 , J Iml. Eng.t'hcm., 
4 ; Tucker and Road, Tians Anar E/cctioi/um Soc., 1912, 22, 57 , Met Chem. 

Soc,, 1914, 745 , Fiaonkol, Zntsch Elfklnnhcm , 1913, 19, 362 , Fraonkel, Askenasy, 

» For basKjn. , 1913, 37, 331 

RilTaut, Ann. (/AtOn, Compt rend., 1900, 130, 1311 ; Matignon, ibid , 1900, 130. 1390. 

* piocini and Foi.^«*<.. 1898, 22, 236 Fon/os-Dincun, lor cit 

’ Mflyeinigli, Ber., phys. nat , 1885, [in ], 16, 460,' Eaklo, Zeitsch. Kryst. Mm., 1896, 
® Cliurch and Noithci. 

• Klauer,/47i»a/?n, 183;/ Sci. Petroqrad, 1913, p 407 

ibid., 1838, 44, 472 ; Proc Jio, iSCoi, 60, 9 ; Ann. i'him. Phys., 1853, [111.]. 38, 6. 

“ Kluss, Annalen, 1888, 24C’A""*» Ordway, Jahresber., 1858, p. Ill, 
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At the ordinary temperature nitric acid of density 1‘5 tiansfonns the 
ennea hydrate into the hexaliydiate, Al(NO,), 6JI/), which is then the stable 
phase. The Iio’cah^diato olten seiuiates from its boliition in nitric acid 
of density 1 12, but it is tlien niotastable witli icspect to tlio ennea liydrate.^ 
The transformation from hexa- to ennea-hydrate can be made to pioeeod m 
two stages, an internicdiale hydrate, 2A1(N(),), 1511^0 (or Kill/)?), being 
formed.*'® Ditto** has described a dihydiatc, AI(N(),), 2II/> 

Aluminium Phosphates —The anhydrous ami iiyihated oitho-, inota-, 
and pyro-phospliates of aluminium are msolublo m water. Anhydrous 
aluminium orthophosphate, AlPO^, foimcd by heating sodium aliiminate 
and phosphoric acid in a scaled tube at 200“, foimsoolouih'ss, liexagoiiiil piisms 
of specific gravity 2 oO.* The hydiated orthophospliate is obi. lined as a 
gelatinous precipitate by inixing sodium phosjihate and neutial aliiminnim 
sulphate solutions It is soluble in ammonia, alkali hydioxides, and mineral 
acids, but insoluble m acetic aeid ^ 

When a solution of alnminiiim phospliato in an aeid is pu'cipitaled 
with aminoni.'i, a Imuc (iltnninnini phosphite is obtained Seveial basic 
aluminium phosphates occur in nature, e u the ihombie niinei.il wnvtllitey 
SAl^O, 2 P 20 jj 1 211/), and tinquonc Tiiiquoise (or caliuft) is .i • biisic, 
hydi.ited alinmmum, copper, and finious phosphate It is tiielinic," has a 
skvblue to gicenish colour, and is used as a gem stone It oeenrs in Persia, 
Nevada, Arizona, ralifoniia, and Coloiado 

Basic aluminium arsenite, Apo^As/lj, and aluminium ortho- 
arsenate, AlAsOj, have hei’ii desciibcil ^ 


Aluminium and tub Cauuon (Jiioui* 

Aluminium carbide, Al/\, is ])repared by iKsiting fnigmcntH of 
iiluminnnn with sngai e.iihon m a cjirhon erucilde in the ideetric furnace 
and rapidly cooling the inoduet ** It may also bo pieparcd by heating a 
inixtuie of aliinnninm [lowdei and (aibon for twenty minutes in a Perrot 
furnaec or o^el the blowpipe, oi the reaction may be started by intlaming 
a mixture of alnmnnnin [lowder and bainim jieioxide on the surface. 
Aluminium caibidc is also produced by heating alnmmnim w'lth hexaehlor- 


^ Seliginaii and Willi.inis, Ttans VJn'in Sac , 1916, 109 , 61U. 

* Salm-IIoistiiiai, Jahresbrr., 1850, p 301 ; Jovitst-liitv h, Monatsh , 1912, 33 , 9. 

* Ditto, Cu}n})t rend , 1879, 89 , 613 

* De Scliiilton, Cu/iipt. rend , 1S81, 98 , 1683 

^ Rdinmclslicig, J. prakt. Cheni , 1861, 89 , 116 ; Wittstoin and Millnt, Compt. rend., 
1876, 82 , 89, Eilciimcyi I, Annulrn, 1878, 194 , 19G, Scliwoit/er, Jiei., 1S7'>, 3, 810; 
Ca von and Hill, J. Soc Chem hul., 1.S97, 16 , 29 Yov p}frop}w'>p}mtr^ si-i> ll.iutefciiille 
and Margot tet, Cumpi rend., 1883, 96 , 1062, 1142, 1849, Wittstoin ainl Millul, he cit. ; 
Rose, /'(w/y Aiiinilcn, 1849, 76 , 16, Schwai/ciilioig, Jahieithcr , 1847, p .348 Poi meta- 
phuqdmfe, soe Madiell, Annahn, 1847, 61 , 69, Maigottct and Ilauli'lenill*', f'innjit. itnd., 
1888, 106 , 135 ; Joliiivni, Her., 1889, 22 , 976 , WaiM hauer, Ztitseh antny Chem , 1903, 36 , 
137 . Foi acui pJiOHphates, soc Eilonmoyii, hn. ei(. For Itasu phosphates, sn- WitlsLein and 
Millot, loc. cit., liiinimolsbeig, Poqg. Annalcn, 1.845, 64 , 407, Miiiiroi', Annahn, 1871, 
159, 278. Yov thiophospkates, see Friedol, Bull Soc. rhim., 1894, fin J, II, 1057 , Feirand, 
Compt rend., 1890, 122 , 886 . • 

* Sclialler, J Washiiujton Acad. Sei , 1911, i, 58 

’ Reicliard, Ber , 1894, 27 , 1019 , Colmiano, Cnmpt rend., 1886, 103 , 273. 

* Moissan, Compt. tend , 1894, 119^16; Piing, Trans Chem Soe., 1905, 87 , 1630; 
Askenaay, Jarkowsky, and Waiiiozck, Zeitsth Efektrochem , 1908, 14 , 811. 
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benzene at 225*.* According' to the production of the carbidi' in tlio 

electric furnace is aiijiarcntl} due to tin* rc.iction - 

(jAU-3(JO, -AIjCj+Ay),, 

but the olcinonts aliiininiiiin and (miIxhi can unite diioc'tly, the coniliinatiun 
in viU'Ho bccoimn;' peiccpLible at boO and lajud at 1400 

Abiinmiuin caibnb', jmnri(‘<l by \vashin<' with a cold, conccritrated 
solution of potassium iiydi oxide, and tlien w'lth alcohol and etlicr, forms 
yellow', iliombohedral ciystals ‘of density at 2 .‘lO \t temtieiatnies between 
400" and 1100' abimimum caibule is stable ni rnrno , but above 1100' it 
dissociates at an appiceiable late, and at 1S00“ the change is lapid Accord- 
ingly, at high tempeiatnres alninina is reduced by carbon with the fmmation 
of much fri ‘0 aluminium, while at low'er tempei.itures alniniiiiiim carbide only 
is produced* At t<‘mperatun‘s below 1100’ aluminium carbide acts as a 
reducing agent on metallic oxides, e.tj . . — 

A 1 , -H 1 2( 'u( ) = 1 2( Ui + ;1C(), -I- 2 A1 .0 „ 

but at liighor tcm[K'iatuies allo\s aic produced, the cailion onlv being 
oxidised With met.dlic < hloiides it yields oiganomctallie compounds 

Aluminium eaibidi* is slowly but completely decomposed by water, 
aliiminium hydioxide and methane being produced — 

Al^Og 4- 1 21 1,0 - 4Al(Of 1), + 3CII,. 

Aluminium carbonate. — The composition of the precipitate obtained 
from solutions of an aluniininm salt and nn alkali carbonate vanes with the 
concentrations of the roagciits, nature of the aluminium salt, temperature of 
precipitation, etc. The normal carbonate is never obtained, the precipitates 
being composed largely of aluminium hydroxide, with smaller quantities of 
aluminium carbonate, basic aluminium salts, and alkali carbonate ’ 

, Aluminium thiocyanate, Al(CNS)^, is a soluble salt, used m dyeing® 
When solutions of the re(piisito alkali thiocycinates aie evaporated at the 
ordinary tcrnpeiature, double salts of the type M,Al(CNS)^ 111,0 (whcio M is 
K, Na, or Nlf J are obtained as colourless, deliquescent ciystals 


‘ Motignoii, Ann. Chim Phyt., 1908, fviu J, 13 . 276, Compl 7rnif , 1907, 145 , 6*76, 
Weston uiiil Kills, Trans Fir/aiitiy S(H , 1908,4, oO , rf Kiaiick, Jiidf *S'«- ihnn , IS91, 
[in.], ZX, 439 ; (tmiU and Miixson, ilud , 1897, ( 111 . J, 17 , 209 , Dufau, Compt. tend , 1900, 

Z3Z, 641. 

■ Pjiiig, I'liiiis Chrin tSoc , 1908, 93 , 2107. 

^ Do Sclnilteii, Compt tend., 1911, 152 , 1107. 

. * Askciuisy and Lcbi-dcll, ZiiNh. Klektunknn., 1910, 16 , 559. 

Ditmui, niul (Jiutlnei, Per , 1913, 46 , 3738 
y»j.jj*jjMois},an, lac. at , E. lliuisor, Anal Fis Quim , 1913, ii, 317. 

* ptakt. Chem., 1846, 39 , 1 , Ilosp, Poyij Anna/nt, 1854, 91 , 462 , Miispiatt, 

Soe 1914 7^1 120, Langluis, Ann Chtni. Phys , 1856 , [ 111 ], 48 , 502; Paikman, 

For ba'sidUi'l*’'^' 34< ^24 ; llaitli, ibid , 1880, 202 , 372 , Uibain and Kuboul, J 
Rilfaut Ann. t*'' ]» 340; Soubeit and Eltern, Zeif'.ch anorg. Uhtm., 1893, 4 , 

« plmni and Foi ZeiJ.^ 1898, 19 , 707, Gaw'iiluw&ki, Ckem Zentr.^ 19u6 , 1 640, Jituidaiii, 
^ MpxeiiMKb. Bet., 

® Church and Noitbci. , 1883, 2 , 589; llaulf, Ber , 1888, 21 , 327; 

® Klaucr, Annalen, 183^ Zci. Poty. /., 1882, 245 , 306 , G ^tein, xbui., 1883, 250 , 36. 
ttid., 1838, ’ 44 , 472 ; Pror 185.9,00, 33 , 1111. Poi alkali aluminium ferrocyamdes, see 
M KlussI Annalen, 1888, 24 t»’A»«ni S, 1353. ^ 
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Aluminium oxalate, AK((-.0,),.ll_,0, is piccipitaii'd wIumi iupioous 

Bolutions of an alinniuniin salt and an alkali oxal.iti* an* im\('d It. is 
soliiblo in oxalic acid. 

When alunnnniin livdroxido im dissolved in liot, confcnti.itcd aijucoii.s solu- 
tions of the alkali at'id oxalates and the solutions allowed to ( 0 (d, ei\stallino 
double or CDUijjfci oj'<iliif("i aic obtained of the t\pe M' M(( i 11^0, 
The salts are \eiysiinilar to the ooi respondin'; ebronne, feme, and eobaltic 
double ox.il. lies, and salts ha\ini; the same nuinb(*i of molecules of water of 
crystallisation aie isomoiplious The salts fni instance, 

are all monocliinc — 




a 

b 

c $ 

K A1 

salt 0 9991 

1 

0:39.’)l , 9J 

lib A1 


1 C1S.K 

I 

0 1019,9:)'' li' 

Ml, A1 


ff 9971 

1 

0 : 391 ."), 92 'MV 

^ri Ai 


0 97:30 

1 

01128 , 9:3 39' 

K ('i 


1 OOdO 

1 

1 :1989 9 1 ‘ 0' 

Kb(’i 


1 OJJl 

1 

0 :39d:3 ‘»2 2.")' 

Ml,(’i 


0 !)s:30 

1 

f) :3.S70 , 9.") 18' 

K Fe 


0 991S 

1 

0 :38!)d ,91 1 :/ 

nil Fe 


1 0100 

1 

0 4001,9.") 12' 

MI,Fe 


0 9909 

1 

0 39:32,92 l.T 

'J’l I'e 


0 9001 

1 

0 411."), 91’ rv 

NlI,.(-’o 


1 0017 

1 

0 .‘39 29 , 9 2 4 F 


The follow'irij; are also isoinoiphoiis ;;ioups of salts — ^ 


Na,Alt(/'^(),)j oil ,0 

Na',(:i((b(),),r)ir.() 
Na,Fe((V),)^rdl“() 
Nil/ o(<'".o,), r)ii]() 
(monoclinie) 


iu,\i((b(),),<;ii,() 
Ia,( ’iKbO,).*!!!/) 
Iaj( 'o(tM),)' fill/) 
(tiielinic) 


Na,(NII,),\l, ((!,(),)„ 711,0 ^ 
Xa,i:b,(’i 711.0 

Na/NII.M'r. (0,0,), ,711,0 
.Na, (Ml, ).Fe,((:,0,)„ 711,0 
(monoelimc) 


Aluminium alkyls. -These eomjioiinds may be pieparetl by heating 
meieiny alk\ Is with aluminium in a sealed lube at lOO They aie i-olour- 
Icss lujuids which ail' <leeompo>ed by watei - 

Aluminium methyl, A1(('II,),, fne/es at c o’ and bmls at 140*. 
Aluminium ethyl, AI(U,II-,),, bods at 191’ Aluminium propyl bods 
at LMS’ to LMJ’ Aluminium isobutyl and aluminium isoamyl uro 
also known. 

At tcnipeiatuies only sbuhtly higher than their boding points, alnniinium 
methyl ainl alumininm ethyl consist almost exclusively oi double molecules 
Al,((,'ll and A1,((\1I-),, The vapour densitu's tlimiiiish lajndlv with iisu 
of temperature, but it is not ptissiblo to state definitely to what extent 
this dimiinition is to beattiilmted to the dissociation Al,( \lk ),, , - l\\l(\Ik )„ 
since it appears probable that decomposition also commences In ethylene 


* See Wyiouboli, Hull. Snr frnne Min., ls*00, 23, 6.'» , Co|i.iu\, Ann Phi/s., 

1905, ['’ui.], 6 5(5'', St(jrtcnlnkei, /*'«< trar thim , 191.5,63, I'Jl, KnsiMilnim .iiul Colin, 
Zfiitsfh nnorg (V/c/a , 189(3, II, 175,*R'*s«*nh( iin ami I’kits<>li, , la*'!!, 21, 1 , L')\\ciistt‘iii, 
ibul., 1909, 63, 121 Eiiily rek'iriu’es to uhiiimiiuin ovulates an* IJeesc, f'om/it n ml , 1816, 
2Z, 1116 , Matlneii-Plessy, ilml , 1883, 97, 10853 , Collin, Ber , 1870, 2 , 31.') 

^ Huckton ami Odling, I'ruf lUnf ,S'()»\ 180.'), 14 , 19 , CaliDurs, Ann i'liim, Phyn , 1860, 
[ill.], 58, 5 ; Hallwaclis and Solinrank, Annnbn, Ib.'iO, Z09, 2'J(3. 
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dibromido solution, aluminium ethyl has a molecular weight in harmony 
with the double formula.^ 

Aluminium acetylacetonate, [(CH^ 00)2CH]3A1, is produced slowly by 
the action of aluminium hydroxide and lapidly by the action of anhydious 
aluminium chloiide on acctylacetonc. It is best picpared by arlding 
aoetylacctono anrl ammonia to an aqueous solution of aluminium chloiidc,'^ 
it separates from its alcoholic solution in white moiioclinic (a : /> : c = 1 901 1 : 
rSCl, /i = sr (>') ^ crystals isomorphous with tho corresponding ruthenium 
salt,* melts at 194", and boils at 315°. At 360“ the vapour density is 
11‘24 (air=l), the simple formula given above concsponding to tho value 
11-18® The molecular weight also corresponds with tho simple formula in 
solution in benzene and carbon disulphate ® 

Aluminium acetylacetonate separates from chloroform solution with two 
molecules of chloroform of crystallisation. It is insoluble in water and docs 
not combine with ammonia. 

Aluminium silicide. — Aluminium and silicon arc completely miscible, 
but no definite compounds arc knowm The eutectic tcmpi'niture is 578*.’ 

Aluminium silicates. — The silicate AKSiOj., te. AI.OjSiO,^, occurs in 
nature as three distinct minerals • cyanite, which crystallises in the tiiclinic 
system (a *0 = 0 899 1*0 709, a = 90^ 5 5', fi 101" 2', y 105" 115'), 
andalusite, which ocems m rhombic crystals (rt h c 0*986 . 1 0 703), and 
Sillimanite, which is also rhombic {a 0 .c--0 9696 1 0 7016).® The only 
one of these forms of the silicate stable abo\o 1300" is sillimanite. 

Thermal investigation of tho system silica-alumina shows the cMstcnce 
of only one aluminium silicate, viz AI 2 OJ SiO^, which separates from a fused 
mixture in crystals of sillimanite, melting at 1816" (fig 15) ® 

Aluminium enters into tho composition of niimeious complex silicates, 
many of which are important rock-foiming minerals. Only a very biief 
description of the more important of these can be given here. 

" Tho felspars are the most important of all rock-foiming minerals Tho 
, chief felspars are orthoclane or potash felspar (monoclinic , a - c 0*658 . 1 . 
0 555 ; fj -- 63" 57') albite or soda felspar (triclinic , a b c - 0 6335 1 : 
0*5577, a 91’ 3', /J^116’29', y -88" 9'), anorl/nte 01 lime felspar (tiiclinic , 
a:b: c .0*6317 * 1 *0*5501 ; a = 93" 13', fj=115" 55', y=91" 12'), and the 
plafftoclaseSf of which the minerals olujocla^e^ ande^de^ lab)ado}ite^ and 
byiownite are examples Tho chemical formuh'e are KxMSi,0,j for orthoelase, 
% NaAlSiiOg for albitc, and CaAl^Si^Og for aiiorthite. As originally suppo-secl 
. by Tschermak in 1861, the plagioclascs are isomorphous mixtuies of albite 
■ and anorthite.*® Anorthito melts at 1550".*^ 


* Bucktoii and Oilhiig, he. eU.\ (Quincke, Ber.f 1889, 22 , 551 , Louisi- ami Ii)U\, Conipt. 

r<nd., 1888, 106 , 73, 002 ; 107 , 600 , V. Meyer, Her , 1888, 21 , 701 ; Ostwald, Zeilsch. 
physikal. Chem., 1889, 3 , 47. W Hiltz, Annalcn, 1904, 331 , 318. 

* Jaeger, Jiei trav. chim , 1914, 33 , 342. 

* Barhicri, Jtti R Atcad Limci, 1914, [v.], 23 , i , 334. 

“ Combes, Compt. rend., 1887, 105 , 870, 1889, xo8, 405 ; Bull. Soc. chim., 1889, [ 111 .], 

X, 846. 

® Uibain and Debienie, Comj^ rend., 1899, 129 , 802 ; W Blitz, Uk. cit. 

’ Fraenkol, anorg. Chem., 1908, 58 , 164; C. E. Robcits, Trnus Chem. Soc., 

1914, XOS, 1383. 8 Tnubert, Centr. Mm., 1906, 372. 

„ / * Shepherd, Rankin, and Wright, Amer. J. Sci., 19u9, [iv.], 28 , 293 , Hallo and Dittler, 

ZtiUch anorg. Chem., 1912, 76 , 39 , Eitel, xhid., 1914, 88 , 173. 

■*'■ Day and E. T Allen, Amer J. Sti , 1905, [iv.J, 19 , 93; Dittler, Centr. Min., 1909, 
' 668 ; Tsch. Mm Mitt , 1910, 29 , 273. ^ 

*' '* Day and So.smaii, Amer. J. Sci,, 1911, [iv.], 341. 
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OrthoclasG is mined in kige quantities for use in the niiiniifneture of 
porcelain. Nuineious attempts have lieen made to utilise this mineral as 
a commercial source of potash.* The (V>}lon “moonstone," which is used 
as a gem, consists of orthoclaso having a palo blue, peaily opalescence 

The micas are minerals of vci\ common occurn'iico as constituents of 
rocks Chemically, they aic silicates of aliimmiuin and either an alkali or 
iron and magnesium, and in addition they contain fluoiiiie and water of 
constitution They are monochnic, but pseiidohexagonal, and possisss a 
highly perfect basal clca^ag(‘, 
which gives white mica or 
mmeovUe its commercial im- 
portance Other micas aio 
bioUie or dark mica and lepido- 
lite or lithia mica 

The garnets are a well- 
defined senes of minerals of the 
general formula U 
where It" is .Mg, Fe, or Mn, 
and It'" IS Al, Fe, or Or. 'I'he 
following Aaiieties aie dis- 
tinguished: rpimuhir (Ca,Al), 

2 )t/rop<‘ ( M g, A 1 ), spt'ssa 7 (ife 

(MiijAl), abnandiJic (Fe,Al), 
nvin'oi’ifc {(la,Cr), and n7i(l7<uh(e 
(Ca,Fe). The g'li nets are cubic 
mnicialR, distinguished by then 
dodecahedral or icositetiahedral 
foim, gieasy lustre, strong ic- 
fraclion, and ready fusihility. 

Pjiope constitutes the common 
red gainet used in jcwelleiy. 

Tlie zeolites arc Indrated 
silicates of alnnninuin and the 
well) The following miner<ds ai 



alkali metals (and generally of calcium os 
.miong those classed as zeolites — 


i^tilbite . 

IJeuhnuhte 

(Jhahuzite 


. CaAl.Si,()„,GH/) 

. IfjCaAFSi^O.^.'ill^O 
. CaAl^Si/)j^()Il/) 


Annin tc 

A'nfrolite 

Srolecite 


Na,Al,Si/),2 ailjO 
Xa^Al^Si,(),„ 2H2O 
(;aAlSi,0,„ 3If,6 


The water is very ]oo.scly held, and they intuiiKSce befoio tlie blowpipe. 
With loss of water the zeolites lose their tianspaienc}, but many of them, 
after dehydration, can re-absorb the amount of water they originally con- 
tained, thereby regaining their tiansparency and original optical properties. 
Further, dehydiated zeolites absorb ammonia, hydrogen sulphide, alcohol, and 
many other vapours. The nature of these intercftling minerals lias therefore 
been the subject of numerous researches 


* Foi the hteiaturc, see Hart, J. Iml Kng. Chei7\,, 1912, 4 , 827 , also Cusliiiisii and 
Coggcshall, ibid , 1912, 4 , 821 , 1915, 7 , HT) , Foote and Scholcs, t/ar/ , 1912, 4 , 377 , 

Modern refcrcnceB aic as foll(jj\.s F. W Claiko, Proc. Washington Acad. Sn., 1906 
7 , 257 ; F. W. Claiko and Steiger, Bull (Jeol U.B. Su7iey, 1905, No. 2<32 , Ferro, AUt 
R. Aecad. Lincei, 1905, 14 , 11 . 140 , Zambonini, Mem R. Accad. Lincei^ 1905, 5 , 344 ; 1906 
6 , 102, Rend. Ac., Sci Fis. Mai Aapdi, 1908, [iii ], 14 , 148 , Zeilsth. Kryst. Min , 191l! 
49 , 73 , Thugutt, Centr. M%n., 1909, 6 r< , Graiidjean, Bull. Soc.fran^. Min., 1910, 33 , 6 , 
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Leiicite, KAl(Si()..),, occurs in lavas. It is psoudociibic, crystallising 
in icositi'Liiiliciliiil ioiins, and becomes truly cubic at 43.3", Nephelite, 
(K,Na)AlSi()„ a liexa )iial miiieial, is often found in association with Icucito. 
The Hodmm-almiimium silicate, Na \lSi_,(),^, has been piepaied aitificially. 
It IS known in two foima, the hexagonal form being called soda-nejihelite 
and the tnclmie foim mda-nnoithite or rarntytt'iie * 

Spodumene, LiAUSiO,)^, is .anothei inteiesting aluminium silicate. 
It oeciiis 111 huge quantities in South Dakota. The gieen, transparent 
variet}' is called hiddrmie and occuis in Xoith Caiolina. The transpaient, 
lilac 01 Molet-coloured vaiielx is known as kunzite , it oceuis in California 
and Madagascar and is a valuablo gem-stone Vaiious lithium-aluminium 
silicates have been prepaied artificially, but they do not agree in physical 
properties with any known lithium mineials^ 

Topaz, AD(Si(),)F 2 , is a lluosilicate of aluminium It is an oitho- 
rhombic mineral (a : A : c--:0 r)2« 1 0 1771, and its haidncss (H), high 
refractne index, and xariety of colour render it valuable as a gem-stone. 
The usual colour is pale yellow', but light blown, dark brown, and pale blue 
crystals aie also found. 

Beryl, Aljlie,Si^O,j,, IS another beautifully ciystalbne aluniinuiin imncMl. 
It IS hexagonal (hohohedral , a c - 1 - 0 \\W)) , hardness, 7 o , (haisity, ll‘7. 
The pale gi ceil crystals known as (V/ tinmau nr, siwi the d.iik gioiMi ci\stals 
known as emerald, aie familiar as pun lous stones. Beiyl has bed'll s} nthcsised 
by Ilautefeuille and Peney.' 

Tourmaline is a boiosilicate of aluminium, alkali metals, non, and 
magnesium, containing watci of constitution and a little Huoimc It may 
be regaided as derived fiom II,,Al,Ib(()H)^Si,(>,,, by the leplaccmcnt of 
the lime hydiogen atoms by metals'" It is a tiigonal minoial (ditiigonal 
pyramidal, a c = l *0 1174), hardness, 7, density, 3 1 3’oiirm.alme is 
an inipoi taut lock-formiiig mineral , it is inteiesting as an eACidlcnt example 
of a crystal exhibiting polar symmetry and pyro-electnc propcities, and 
as a valuable material for the production of plane-polarised light. Tho 
colour of tourmaline x'aries greatly xvith its cliemical composition, from 
colouiloss to red, green, brown, and black. Exeellent tonimaline ciystals, 
suitable for use as gem-stoiies, are found in Cox Ion and also in Ilra/il. 

Axinite, ll(\a,ADlkSjO„,, is also an aluminium hoiosilioate. It is a 
beautifully crystalline triclimc inineial (a . A . c-0 10*J7 . 1 0 IDll , a = 
82" 5P, = 9', y- 131" .33') 

Sodalite, Na,(AlCl)AD(SiO,).,, is a cubic inmeial occuiniig m volcanic 
rocks ; it cr} stallises in dodeeahedra and usually has a blue coloui Haiiynite, 
Na^Ca(NaS(),Al)Al,(Si(),)„ is also a blue, cubic miiieial, isomoi[)hous with 
Bodalite, with x\ Inch it is often .associated. Ihnixnite is of interest a.s being 
one of the very few silicates which contain sulphur 

Lapis-lazuli IS a beautiful blue substance found in Poisi.i, .\fghanistan, 
Siberia, and (^liili, and has been prized for ages as an oriiamciital stone. 
Density, 2*38 to 2*42 , hardness, 5 b. It occiiis ciiibedded in limostoiie, from 


' Bowen, Amn. J Sa., 1912, [iv ], 33 , J)51. 

* Hess mid Wells, .inifr. J Sit,, 1911, [iv ], 31 , 433. 

. 1 , ** Biillo luid Ditllei, ZeiUch. anonj ('hem., 1912, 7 !, 39, .larger and Simek, Pioc. K 

Akad. Wetensrh Amsiadnm, 1914, 17 , 239, 251. 

' ^ * Hautcfeuille and Peney, Ann. Chim Phf/s., 1890, [vi J, 20 , 447. 

* Sco Penticld and Foote, Amer. J. Sei , 189‘i- [iv j, 7 , 97, Sclialler, Zeitsih. Knjst. 
• Mitt., 1912, 51 , 321 , Yeiiiad.ski, ibid , 1913, 53 , 2/3. 
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winch it IN o\trai‘tcil by heating the liniohtnne and then breaking oiit the 
lapis-Iii/nli witli a li.innnci L.ipis la/nli \\as h)nneil^V bujiposed to be a simple 
niineial, but liioirgei and Jku'k.>ti(»ni ‘ ha\e sho\Mi it to be a lock, eonsiNting 
ot diopside, am[)hil)ole, imiscoMte, (alcite, jniite, and a blin*, cubic niineial to 
which llicy ga\e the name lazurite. Iia/niitt‘is ah<Mliuni almnimiim Nilicato 
containing both snlplnii and cidoiim* and ih iceaidcd as being closely 
analogous and isomoi phons with sodalite and haiiynile. Powdeicd la/iiiitc 
constitutes the natni.d pigment ultiamann, 

Kaolinite, ll,AbSi^(),j, im a laie, whil<‘ mmeial It cr\Ntallises in the 
nionoelinic s\stem (<r h r-^OTiTlS I 0 oilJtT . densil\, ; 

baldness, 2 o The bi'st ei \s(.d.s aie found neai \ndwch in the island of 
Anglesey, they aie si\ sided plates oi |)\ lannds w nh .i peil’ect bas.d cleav- 
age The mean iefia<-li\e index is I oh.;. th(‘ bncliingenco (t)()()l) is much 
lowei than that of mica, which lewianbles kaobnito in a])p(*aianee “ The 
water is only expelled fioni kaolnnte at Ineh tempmatnies (abo\e .‘$.‘10 ) j 
hence, when the foimnla is wiitten in the usual way, AljjO, 2Si()^ 211^0, it 
must be lenieiiibeied that the water is “watei of constit nlion " and not water 
of cr>stallisation (’hemically, kaolnnte is best leganled as an acid ‘ 

Th(' (pK'stion as to the nlenlit\ oi otheiwise of kaolnnte and Uu' clay 
substance ol china clay is discusMsl l.ilei (p lOh) 

The silicates desciibed above aie ii.duMlly oeeiming subslanees A 
number of <iTtifiei<d alnnnnium silicates, however, aie of eonsideiabh' indiistnal 
impoi (, nice and ni.i\ theiefoie be mentioned These aie the subslanees ])iti- 
pau'd b_v (hnis and known teelinieally as permutlts Sodium peimutit is 
piaelieallv an aitilieial zeolite of the composition 2Si(),AI ,0. \a ,( ) IIH^O. 
Ills jiiepaicd by heatiiiL' togelhm* cliina-f la.\, sodmin eaibonat(‘ .nid (jiiartz 
III the ii'ipiisite piopoiLions ami tieating the mass with watei OIIkt sub- 
stances may he addisl in the ])i{‘paiation , a niiAtuie of 2o to d parts of 
ehiiiaclav, o to (» of alkali (<iibonat(', and I o to 2 I pails of hoiax, for 
iiistaiH-e, has heeii ji.irticiilai h siMritied The pcrmiitit is of a gianiilar or 
leafv , poioiis chaiactei 

Sodium pel milt it, like ceitain natural zeolites is abh* to excliango its 
sodium foi othei metals with K'maikable (msc* If, foi mslaneo, a solution 
ol calcium or in.iLMicsinm chloiide is allowisl to pcicolatc thiougli a coliinui 
of the pcimutit, a solution of sodium ehloiide, fiee fiom caleium oi iiiaLniesinm, 
is ohlaineil If now, a e(»neeiitiated solution of sodium eliloiide is pi-icolated 
thnmgh the jierimitit, the <Mlcmm of ma<inesium is expelled fnaii it and 
replaced by sodiimi * 'I'he ajipliealiou of so«buiu piamutit to the softening 
of boili r watei will theiefore In* dbvions without liiitliei (’xplanal ion 

’J he sodium or cah lum jieiniulits (.ni le.idilv be mad*' to exeliango svKlium 
or calcium for manganesi', bv tKaliiieiil with a m.inganous salt solution. 
^Ml(■n tins piodnct is aetid npfui by potassium jKTinaiiganale solution, the 
latlei IS reduced, and a manir.ini'M- potassium ]H-iiniitit piodneed which is 
co^cred with xeiy linely divided hitrher ovules of manganese Tins material 
IS a valuable ovidismg agent, aiul, when *'\h:insted, can readil} be rcgeneiated 
by allowing potassium permaimaiiatc t*) peicolati* througli it, its comincicial 


' Huiggei and Rickstnnn, Znfit/i. Kiyst Mm , KSgi, i8, 209. 

^ Dak, Mm. May , 18S8, 8, I''* , IS»UH, 15, l‘Jl 

® See p 96. On tlie Cf)n'«lilutK)n of k.ioliiiile, Mellor .md Holdciofi, vidf infra\ 
Pukal, ndeinira, Samoilov, litiU Ac^l .S>Vj rtlnuimd, 191t, p 779. 

* SeeG. Schulze, Zntsch. phyaikal 1914, 89 , 168. 
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uses are for ronioviug iron from, and oxidising the organic matter and bacteria 
in water. These results arc easily brought about by allowing the contami- 
nated water to flow through a layer of tlio permutit; in sterilising water by 
this means it may bo necessary, in addition, first to add a little permanganate 
to the water. ^ 

Aluminosilicic acids and aluminosilicates.— It is usual to regard the 
numerous known Hilieiites, including those described in the preceding section, 
as the salts of various hypothetical silicic acids, or as isomorphous mixtures 
of such salts.^ There arc, however, good reasons for supposing that many 
of the compounds usually classed as aluminium silicates aie no moie related 
to the silicates than the ferrocyaiiides, for instance, arc related to the 
cyanides Numerous reasons can be adduced in favour of the view that 
the alumina in numerous silicates plays the role of an acid and not a base, 
and that, as was originally proposed by Vernadski, the silicates thcmschcs 
are the siilts of a numlicr of complex aluminosilicic acids, comparable 
with the phosphomolybdic, silicomolyhdic, and silicotungstic acids, etc 
For the natuie of the evidence, however, the reader must be referred to 
the literature. 

Many silicates are decomposed by the prolonged action of water and 
carbon dioxide, furnishing colloidal silicic acid or opal. In a similar manner, 
the aluminosilicatos give use to colloidal aluminosilicic aculs or clays The 
empirical foiinul.e of those acids may bo tabulated as follows . — 


Alumino-moiiosilicic acid (allophanic tjpe) 
Alumino-disilicic acid (kaolinic typo) 
Alumino-trisilicK; acid (natrolitic type) 
Aluniiiio-tctiasilicic acid (pyrophyllitic type) 
Alumino-peiitasilicic acid (chabazitic type) 
Alumino-liexasilicic acid (felspathic type) 


Al^Oj.SiO^ ;ill,0 
Al>(VJSi(),nir.() 
ArOj-SSiO'^ill/J 
AlA, 4yi()InH“() 
Al“(),.r)SiO“wIl‘;() 
Al“(),.CSiO“wH“() 


The constitution of these acids at present can only be eonjectiircd. The 
following groupings of important compounds arc due to Mellor and 
Holdcroft — * 


' See Gaijs, MUt. aiis. d. K. Pni/iDigsanst. f. IPassn I'crsonjnng v Ahua},sftbf.HeifiifH)iq 
zu Berlin, 1907, Ilcft 8 ; IVoch. f. liuxu , 1907, 24, 270 C/inn Zt'it , 1907, 31 , 3’'r) ; J 
Oasheleucht. , 1907, 50> 1020, Jahib. K. Prvus^. Geol. Landesmu\t n Ilcignkud , Berlin, 
1008, 26 , 179 , 27 , , Chem Inti., 1909, 32 , 197 , ^ Vei Deut Zucknunl , 1907, j) 200 , 

Centr, Min., 1913, pp. 699, 728 , 1914, pp. 273, 299, 365 , Slicmnip, ibul , J911, p. 80, , 
Wiegner, ibid , 1914, p. 262 , Appclius, Chem lloi. Fell Ifarz. Ind , 1909, p 'lOO , Liiliiig 
, and Becker, Chem Zeit., 1908, 32 , 614, 531 , Anders, Woch /. lirau., 1911, 28 , 78 , Knlh, 
Chem. Zeii., 1911, 35 , 1393, 1410 , L. H Hariisoii, Chem Woild, 1912, i, 238, Ilamor, 
' J. Ind. Enq. Chem., 1912, 4 , 240. Also the following patents. Enq l\it , 1907, Nos. 8232, 
8494; 1909, Nos. 21,184, 26,842; 1910, No. 28,353 , D R.P., 1905, No 174,097 , 1908, 
No. 220,609 , Fr. Pat , 1907, No. 374,525 , 1909, Nos. 405,990, 409,006 , 1910, No. 
423,388 ; 1914, No. 474,283 , U.S Pat., 1909, No. 913,635 ; 1910, Nos 951,641, 968,887. 

* See Vol V. of this senes. 

• See Wartha, Annalcn, 1873, 170 , 338 ; Brauns, Die chemische Konstitution der Silicate, 
1874, p. 6 ; Gorgen, Ann. Chun Phi/s , 1887, [vi.], 10 , 146 ; Vernadski, Bull Jiiisn Grs. 
Nalur/., 1891, p. 1 , Zeitsch. Kryst. M%n , 1901, 34 , 37; Zulkowski, Chem. Ind., 1899, 
32) 284; Schanzer, Zeitsch. Kryst. Min., 1894, 22 , 369; Ullfcrs, J. ftrakt Chem., 1907, 

? [ii.], 76 , 143 ; Morozcwipz, Kosmos, 1907, 32 , 496 ; Zeitsch. Kryst. Min , 1910, 48 , 523; 
r Fukal, Ber., 1910, 43 , 2107 ; Sprechsaal, 1910, 43 , 440 f McIIor and Iloldcioft, Ttans Eng. 
Ceramic Soe., 1911, 9 , 94 , 1912, 10 , 169 ; Mellor, Clay and Pottery Indudms (Griffin k Co., 
1914); W. Asch and A. Asch, The Situates in Chemistry and Commeiec, trails, by Scarlo 
(Constable, 1913), pn. 3-30, whore a full discussioiy will bo found. 

' '' * Mollor and Iloldcioft, he. etl. , Mellor, opus eit., p. 293. 
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1. Ahtniinn-mofwsiitcaUs — AUophamc Typ^ 

Allnphanc is Al^Oj SiO^ 5H ,0 Salts of this type are nuyitt>, MgO AljO,. 
SiOjj, chluiite^ 2Mg() Aljdj.SiO, JlIjO 

2 Alnmtno disduatf& - Knohmc Typ( 

Various aliiiiiiiio diMlicic arnK air 

R>'rtu)iU . Al,(), 2Si(), II ,() J/a/layfite . . Al ,0. 2Si( ,311,0 

A'aoltnite \I ,(), 2^10 . 211 ,0 Xt'ii'tonito \l 2S](^, 

Aiiionii the .iliinmKi'iilicates that may ho Iin)Iv*'«l upon as salts of llir pic- 
codiii}' acids are nophthte, Kj) 2Si(),, and ano}{/ntc, CaO Al,(>^ 2'>it>j. 

3 A/uuinio-f) tsilicafts —Xftftohhr Ti/pr. 

Salts aie icpicsontod hy uatiohte, Na^U AI,<)j ilSiO, , i/ionef, .'U'aO Al^Og 
.3SiO , , (,\i() AljOj. .‘l.SiO, .311 ,() , l\LiO Al.O, .‘ISiO, , etc 


1 Ali(mino-f< — Pf/i<>/<At/flifir Type 

Tymp/tf/Hiff' is Al.n ISiO, II/l S,dts .110 h'Ut'thy K ,0 ISiU.^ ; 
(inn^etfr, \l,t> iNtl, 211,0, i>jn)thtnum\ Li,0 \l,Oj ISiO.^ , iflnurupkaitt^ 

NaAAl.Oj ISiO_,“ .■t, 

5 A/utnino-pf'ufntihi'dfcs — ('hidm ttn Ti/f'* 

Thy Lioup IS lopieseiiled hy ('/t'd»rift, O.iO MjO^ '>S|( ^ 7 1 LO, and 
h<inni>(tne, UaO Al^Oj ’>SiO, hi 1,0 

h Afuinuio /ifitisihraff'x — A’th/mtluc Tz/pi 

'I’hi'* type I". K'luescnted hy oif/ior/o'f, K ,0 M.OjhSiO^ 

Koi furthfi inloi niaticHi enneri niiijr attempts to deiive the constitutions 
of the aliiiiiiiiiuin silicates, the le.ulei is lefeiied to the liteiatuie ‘ 

AUMIMI’M AM) IJOJION 

Aluminium Borides Two hondc'. aio known, 'All^ and AIB,.,, and 
crystals ha\o also heoii picpaicd conlaininj; hoion, .duininium, and caihon.* 
All the suhstanccs were piepaied oii^inally hy Wohler and Deville, and 
regaided as allotropic forms of honm ei \stallising out liom solution in molten 
aliimiiiiurn Suhsc(pi(‘ntly they ieco:;niscd that tlnui ^/ta/diiftr htnon was a 
horidc of aluminium AIB,, hut lookecl upon the aluminium and caihonin thoir 
adamantine hoion a.s accidental impiiiiticH 


^ The litei.iluie rofeitiiccs aio uneii l»y W. Asch aii«l A Asi li, o/Hn ut., W'liero a 
full acoount ol the vaiious thcoiies of the ninslil.ilion n] the aluniinoiiila uloH will uUo be 
found, together with u full discu'-sinii of tin /lenfe pritlite thcoiy 

® The lileMtuio is ds f<lllM^^s V’i)hh-i and J)f\ille, An/i Chun. Thus , 1858, LnJ']i S*f 
63 , Comjit tend., 1857, 64 , H' , Annn/fJi, 1857. 141 , .i08 ; JIain]ie, Annalcn, 1876, 183 , ffi ; 
Joly, Compl rend., 1883, 97 456, Ihltr, JJer , ll)U 8 , 41 , ‘2631, ISllO, 43 , 257, Kiihne, 
L.M P., 147,871 , IJinet dll JassoniM'ix, ^fui Chun. I’hys., 1909, ['iii.J, 17 , 2U0 
VOL. IV. ^ 
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Aluininiuni BoridCi AIB 2 . — The following methods of preparation aro 
due to Wohler and Deville : ( 1 .) a mixture of boron oxide and carbon is healed 
to redness in chloiirie, and the gaseous products (boron trichloride and carbon 
monoxide) passed over aliiuiiiiium heated to whiteness in a porcelain tubej 
free aluniniium is leinoved from the j^rodiict by solution in liydrochloiic acid 
or sodium hydroxide ; ( 11 ) potassium borofluoiide (8 pts ), potassium chloride 
(9 pts ), sodium chloride (7 pts.), and aluminium (5 pts ) aie heated together 
for half an hour at the melLiiig-poitit of sihci, and the product isolated as 
before Jlmet dii Jassoiineix has produced it leadily by heating to 1300°, in 
a stream ot iiydrogen, a fragment of alumnnurn contained in a crucible 
brasqued with boion. 

The bolide AlH., is a semi-mctallic looking solid, which crystallises m six- 
Sided plates belonging to the monoelinic system ^ It is said by Welder and 
Deville, and also by Ihnet du Jasboimeix, to bo iioaily bl.ick, but distinctly 
^pper-coloured by leileeted light, Joly describes it as golden-yellow in colour. 
The boride is iinaHectcd by an at a icd heat, dissolves slowly m hot con- 
centrated hydiochloiic acid oi sodium ludiovide, and rapidly in liotnitiK* acid. 

\\ hen prepared by the method of Bmet du Jassonneix, it is aceompanied 
by a small propoiLion of brown ciystals of octahedial habit Tlit'sc latter 
crystals aie formed in abundanco when the boiidc AIB, is heated with an 
excess of boron at^llOU , or when a inivturc of boion and aluminium ])ow'(lei's 

- is heated to 1300* in h}drogen. They aie heavier than the boride Alii and 

• far more resistant tow aids nitiic acid - 

Aluminium Boride, AIB,^ — The tiue nature of this compound was 
determined by llampc Binet du Jassonneix has shown that it is pioduced, 
.together with numerous other products, when aluminium is healed with 
excess of boron in a magncbia ciucible in the elediic furnace It is best 
prepared by the method outlined by Kuhne and examined in detail by 
H. Blitz. Boron oxide (50 grams), bulphiir (75 giams), and graniil.iterl 
aluminium (100 grams) are mixed in a clay crucible, covered witli m.ignesium 
powder, and ignited at the top to start the reaction When cold, the ei ucible 
is broken away, the product treated with water, and the aluminium hydio\ide 
and ciystalline needles of alumina rinsed aw’t'iy The lumps of residue are 

- freed fioni traces of slag, at first mechanically and then by prolonged washing 
with water. The residue is treated with w'arin hydrochloiic acid for several 
days ; lighter impurities are then removed by decantation with water. The 

* residue is boiled with hydrochloric acid, then w'armcd wutli hvdiolluoiie acid 
. for some houis, and finally kept in warm, dilute hydroi hloiic acid for 

some days. 

,, Thus prepared, the boride forms lustrous crystals, usually six-sided 
plates, probably belonging to the rhombic system (a.b r= 7130 . 1 : 7139), 
The crystals appear black, but in thin laycis are dark red by transmitted 
light At 18' the density is 2 551 ± 005, the specific heats at -40', 

+ 77', -f- 177', and + 233' are 0-1915, 0 2737, 0 3378, and 0 3003 respectivcly.s 
‘ The boride is harder than corundum, but softer than diamond. According to 
Hampc, it IS imaflected by concentrated hydrochloric acid or potassium 
hydroxide solution, is slowly dissolved by hot sulphuric acid, and nioic readily 

: » Millor, Pjoc. Hoy Sot., ISOU, 15 , 11 , Phil May , IS 06 . [iv ], 31 , 307. 

'■ n ■ Thf boron con lent v.iii(\s from (i 6 9 to 79 6 |.(m iont , AIB , 3 requncs 83 1 pei cent. 

V 1 AlBj uni] AlB,o. Bmet du Jas&onneix w'as unable by 

tbio method to obsei \e the formation of the characteristic black plates of AlBm. 

• Weber, Phil. Mag., 1876, fiv.], 49 , 161, 276.<^ 
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by hot nitric acid. It is oxidised by molten potassium hydroxide or bi- 
sulphatc, but not by the nitrate, and is attacked also by heated lead cliromate. 
It rapidly attacks heated platinum, a very fusible product being formed. 

Aluminium borocarbides. — The researches of Wohler and Devillfe 
and of H^ipo were concerned mainly with the iiitoiactioii of boron oxide 
and aluminium in cither clay or graphite crucibles. July showed that when 
a graphite crucible uas employed, the following pioducts were obtained, the 
rclatne (quantities varying with the conditions of the e\i)ci uncut : (i.) 
aluminium boiide AIB^, (ii ) aluminium boride AlBp^, (iii ) yellow' crystals 
containing boron, aluminium, and carbon; and (iv.) boron carbide B^C. 
Hampe’s experiments led him to believe in the existence of a definite boro- 
carhidn Al,L\Bjjj Later, Biltz obtained crystals of definite composition, 
coriosiwnding to the foimiila AljC^B^j The method of preqiaiaLion was 
similai to that dcsciibed for the queparation of the boiido AlB,o, except 
that soot (2 grains) was achb'd to the mixture. The product, after licatmont 
xvith w'dtei, coneentialcd liydioehloiic acid, and then the waim, dilute acid 
for some days, consists of sqiaikling yellow' eiystals mixed with a few black 
crystals of AlJj,^ 

The crystals have a density at IH" of 00(5, are liaider than 

corundum and softer than diamond Towaids leagcnts they i(‘SLiable the 
boride A1B|^, but are more resistant tow'ards mineial acids 

It IS diilicult to believe that the foimulie given by llampi* and Biltz 
leprcseut definite chemical compounds. Brobably each (.heinist obtained 
produ(;ts of dofiuitc composition simidy because the conditions of experiment 
w'eiG not suflicieiitly varied (Irxstals of (juite difleient eompixsition have 
been qircparcd by Biiiet du .iassonueix, by healing aluimnium with excess of 
boiou 111 a gnpbile crucible lu an elecliic arc fuinilcc. They arc yellow, 
traiiMparont, and occui in six-sided plates, mixed with tlieni are crystals 
of boron caibide, from w'lueli they cannot be completely separated. The 
eiy.stals are attacked slowly by dilute hydrochloiic acid, (piickly by nitric 
acid After allowing for iiKudianieally admixed boion caibide, the a\orage 
eoiiniositioii was Al, (U qier cent.; B, 15 j)er cent , 21 per cent., but 

diflereiit preparations vaiicd considerably iii composition ' 

Aluminium borate. — The borate^ 3Al.jO, IL(>, was piepared by 

Kbelmeii by strongly heating a mixture of alumina and boiax it forms 
coloiii less, orthorhombic crystals (f/ b v 01)71 1 0'G79) of density 3 0.® 
The precipitates obtained by mixing alkali borate solutions witii solutions of 
alumimiiin salts are also basic aluminium borates.*’ 

Aluminium sodium perborate, ALNa^B,0,j 511,0, tontauung 7 to 
9 per cent, of active oxygen, is piejiarcd by mixing cold solutions of 
sodium aluminate (6 6 pts,} and boric acid (5 pts) and adding 10 per cent, 
hydrogen peioxide solution (30 pts) It is a colouilcss powder, sparingly 
soluble ill water ^ 


^ It is posbiblt) iliut tlicbo borocaibules aio mixed ciybtals uf twooi nioiu of tho follow* 
nig Bubstiinrcs AlDn. Allij.j, Ab(’„ diid ly. Tlic suggestion has been made by lliiietda 
Jasbouiu'ix that his eiystals aic mixed uiyslals of ulumiiiium bolide AlBj and alumiimim 
carbido AI4 Cs, but it IS quite at \<iiium'u with his analytical data 

“ Ebclmeii, Ann Chim Phys , IS.'il, [iii ), 33, 34 , Mulldnl, Compt. icvd., 1887, 105, 
1260; cf. Tioost and llautcfeuillo, i&W., 1872, 75, 1819; Fieiny and Fell, thid,, 1877i 
85 , 1029. 

^ Rose, Pogg. AnnaUn, 1854, gz, 452. 

‘ D.R.P,, 285,060. 
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Detection and Estimation of Aluminium. 

Aluinmium salts ^nvo no |)rocipitato with hydrogen siilpliido in acid or 
neutral solution. Aininoniinn hydrovide, sulphide, or carhonalo, preeipilatos 
aluminium as the wliite, gel.itiuous hydrovide, which, like the hydioxidcs of 
beryllium, yinc, and chioiuiiim, is soluble in cold sodium hydroxide Aluinin.i, 
when moistened with a solution of a cobalt salt and heated on charcoal, yields 
a bright blue, lufuhiblc mass A test which will detect 1 part of aluminium 
in 10 million paits of water is to add 1 cc of a 0 1 per cent solution of 
alizarin S to 5 c e. of the neutral or acid solution, make just ammonicic.il, boil 
for a few' minutes, cool, and acidify with dilute acetic acid A led colour or 
precipitate indicates the presence of aluiniiuum.* 

In fjuantitative analysis, aluminium is precipitated as the hydio\ide,“ 
washed,^ ignited o\er the hlowjupe, and weighed as the sesipii oxide Al/).j ‘ 
(rt) The piecipitatioii is ellected, best in a plitinum or porcelain vcssi'l, by 
adding a slight excess of freshly distilled ammoninin hydroxide to a shglitly 
acid solution of an aluminium salt, pndiMMbly in the presence of aimimmum 
chloride Alternative methods of piccijntaiion aic as follows {h) One to 
three cubic centimetres of phon\lhy(lrazine are added to the hot, xeiy slightly 
acid solution, the precipitate being washed with a hot, very diliiti' solution of 
phenyl hydrazine bisulphite fiee fiom e.vcess of sulplmioiis acid'''’ (c) The 
dilute, neutral chloride solution is treated wuth excess of sodium thiosulphate 
and boiled until sulphur dioxide is no longer evolved *’ (d) The slightly acid 

solution IS treated with excess of a mixture of potassium iodide and potassium 
iodate, a inodeiate excess of so<hum thiosulphate added, and the solution 
heated on the sti‘am-bath foi half an houi " (c) Tlie neiitial solution is 

slightly acidified with hydrochloiic acid and boih‘d with ex<‘(‘ss of arnmomum 
or sodium nitnte , finally, a htth' ammonia is add<‘d '' 

In methods (^>»), (r), (</), and (c) piecipitation is dm* to the fact that a(pieons 
solutions of aluminium salts aie appieciably hydiolvsed, and that when excess 
of a reagent is added which uses up the fiee acid present, hjdiolysis proceeds to 
completion The principle of method (d),'* for instance*, is hufii<*i(‘ntly indicated 
by the following equations . — 

L' AICI 3 + GllgO -*l‘A 1(01 J)., + 6 llCl 
KlOg + SKI + GilOl - GKUl-f aHoO + Ill, 

GNuoS.iOg 4 - 3Io = .‘INa^vS^Og + GNal 

^ Atuck, J Chi'iii Ind , 1915,34, 936 Foi iiiitlici iiifinmation on llio detection 
of aluniiiimni, sec A. A Noyes, and Spcai, ./ Jnirt Cion , 1908, 30 , ISl ; Chnn. 
Nens, 1908, 98 , 6 , etc , IVtit, ./. Pharm. f ’hnii , 1914, |vii J. 9 , 66 (dctcc turn as baiiuni 
, aluminate) ; Itatligen, Xcit»h anal (^heni , 1913, 53,33, and Krat/iiiann, Phaim. Pont, 
1914, 47 , 101, 109 (inicioclicinical deteclion) 

t " For the distuihuig iiillucncc ul lluoiides, see Veitcli, J. Amei. (%'m Stt* , 1900, 22 , 
246; Bloor, ibid., 1907, 29 , 1003 , (’artm.in and Diibiii, dad , 1912, 34 , lIs.") , lliniichsen, 
JSer., 1907, 40 , 1497 ; Zeitbch anoig. Chcni., 1908, 58 , 83 , Milo Cu\ aigiiar*, Cumpf laid , 
1914, 158 , 948. 3 See Daiidt, J. Ind Enq Clu'm., 1915, 7 , 847. 

* For lull details, sec Uluni, J. Amrr. ('hem. Sor., 1916, 38 , 1282 

® Hess and Cami)l)cll, J Amer Cheni Eoi., 1809, 21 , 776 , Allen, ibid., 1903, 25 , 421 

• (’liaiicel, Compt. irnd., 1858, 46 , 987 ; cf. llac, Eighth Inter. Cong. Appl Chem , 

1912, I, 205. 7 stock, Bci., 1900, 33 , 518 

" Wynkoop, J. Avier. Chem. Soc., 1897, 19 , 434 , Sclunn, ('hem Zeit., 1909, 33 , 877 , 
1911, 3 S 979. o 

® Which maybe ii-cd as a volumetuc method (Moody, Amei J Eci , 1906, [iv.J, 20 , 
181; Ivanov, J. Jluss. Phy$ Chem , 1914, 46^419 ; Mile. Kovseharova, 1915, 

■ 47 , 616 ; Osipov, ibid., 1916, 47 , 613) / 
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The precipitates obtained by methods (c), (d), and (e) are very much easier 
to filter than tliat obtained by method (a). 

In the presence of phosphoiic acid the alnnnmum precipitate is partly or 
wholly aluminium phosphate The piecipitalion of aliiminium as h}droxido 
is prevented by tho picscnce of organic hydroxy-eomponiids such as tartaric 
and citric acids, suciose, etc , in the solution. 

Theie is no (lifliciilty in si'pnratinj; aluminium fiom tho alkali metals and 
metals which form sulphides insoluble in acetic acid or dilute niinei.il acids. 
The separation of a*liiminium fiom m-ijijnesium and the alkaline i-aitli metals 
may be clVected by im-thods (a), (A), (d), and (r) alieady pven. In nielliod (a) 
the ammonia should be fiec fiom caibonate, or it may bo i(‘placed by puro 
ammonium sulphide fiee fiom caibonati* and sulph.it(‘. AVheii luec ipitated 
by ammonium hyfho\idc or sulphide, aluminium may bo associated with 
boiyllium, iron, chionuum, titanium, uiainum, /me, manganese, nnkel, and 
cobalt, though if the hydroxide be used .is piecipitant, the bulk of tho last 
four metals may be lemoved, the sepai.ition being often sufiiciently piecise 
for the puip(»scs of oidin.ir} (pialit.itive anahsis. 

The pioccding method (^) servos to sepai.itc aluminium fn.m zinc, 
manganese, nickel, and eob.ilt, as also do the two lollowing iiiethods f /} The 
cold, slightly a<‘id solution of the chlorides or nitiatcs containing ammonium 
salts IS sliakeii with excess of pure pieeijntatcd liaiium carbonate and allowed 
to stand for sonio hours. The aluimiuuin is ])rccipitated as liydi oxide, in 
accordance with the priiiciplo alieady stated (p 100 ), and needs separation 
from the excess of baiium carbonate. (//) The hot, dilute, acidilh'd chloride 
solution IS made iieaily iieutial with ammonium hydroxide or caiboiiato, a 
slight (‘xecss of aiimiomum acetate added, and tho solution boded for one or 
two niiiuites, when the aluminium is pieeipitated as basic alummiiim acetate. 
Method (/) is luoic tedious, but mote accuiato than ((/), 

Aluminium is readily sepaiated fiom iron by precipitation with an excess 
of puro alkali hydroxide, lu which only the hydio.xide of alummmm is 
soluble Altcinativo proecdines aie to precipitate tlie aliiininiuiu from a 
chloiide solution liy method (c) above, the non piesont reniaimng iii solution 
as a ferrous salt, to reduce tlio non to the ferious state with ainmonium 
bisiilpluto and (Mn[)l()y the phctiyllndra/me method (/>), doulile pieeijutation 
being advisable, or to dissohe tin* mixed aluminium and ferric cliloiulcs 
m hydrocliloiie acid of density 1 12 and extract the feme chloride with 
other ^ Aluminiuin is separated fiom chiomium by .iddmg excess of pure 
alkali hydroxide, oxidising the chromic hydi oxide to alkiili chromate by 
adding bromine to, or passing chloiine into the lupiid, acidifying with nitric 
acid, and then precipitating tho aluminium bv the addition of ammonia.^ 
A good separation of aluminium .and titanium is that proposed by (loooh, 
in which the dilute solution, slightly acidified with sulphuric acid, is treated 
with sodium acetate and considerable acetic acid and boiled for five minutes. 
Titanium is precipitated as metalitaiuc acaP An alteiiiatnc [iroceduro is 
to precipitate the titanium with the .-111111101111110 salt of iiitrosopheiiylhydroxyl- 
amine (cupferron) in a dilute sulpliuiic acid solution.^ Aliiiniiiium may be 


1 Haimnt, Bull Soc. rhim , ISO", [ni ■), 7, ifil. 

“ Cf Jakob, Ball. AcmI Bci ('rarou, 19M, A, 56, van Polt, Bull. Soc. chiui. Bcla.y 
1914, 28, 138 

* G(»och, Proi'. Amfr. Acad., 1884, iO, 435 , Chem Xnts, lfc}?5, 52, 65, 68. 

* Bollucci and Giassi, Jaad /meet, 1913, [v.], 22, 1 30, Thorntnii Amcr. J. 

1914, [iv.], 37, 407 P 
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separated from zircomiim in a similar manner ' It is separated from uranium 
precipitation with excess of amiiioiiium carbonate, the uranium remaining 
in solution 

An excellent method for the separation of aluminium from glucinum, 
iron, zinc, copper, mciciny, and bismuth consists in dissolving the mixed 
chlorides in concentrated hydrochloric acid, adding rather more than an 
equal volume of ether, and saturating the mixture at 15“ with hydrogen 
chloride gas. The alummium separates as the hydrated chloride AlClj.OH ,0, 
which IS hltcred on asbestos and washed with ca mixture of equal volumes of 
concentrated hydrochloric acid and ether saturated with hydrogen chloride.^ 
Aluminium nitrcate i.s insoluble in amyl alcohol, a property which may be 
utilised in separating aluminium from glucinum.^ 

Details of the various methods must be sought in the original memoirs 
or in text-books of quantitative analysis * 


1 Thornton and Hayden, J 1914, [iv.], 38 , 137, Feiiuii, JUl isf. Veaeto 

seieTiZC letteie td nrti^ 1911, 73 , 4 15. 

2 Gooch and Havens, Amer. J AVt., 1896, [iv ], 2 , 416 , ZetfSLh mumj Chem., 1897, 13 , 
435; H'a\ens, Jm&r J Sn , 1897, [i\ ], 4 , 111 , 1898, fiv ], 6 , 15 , Zeilnch anouf Chem., 
1898, 16 , 15 , 1898, 18 , 1 17 , f/ Milling, A}iier J. Sci , 1915, [iv ], 39 , 197 , 40 , -ISL*. 

8 Browning and Kn/nnin, Eighth Inter (Unuj. Appl. (%’m , 191‘J, i, 87 Foi anoLhei 
method, see Wiinder and Milo (’hclad?/*, Ann Chim. anal., 1911, 16 , *J(> 5 . 

* For the analyse of ocnnmou-ul alununnim and its alio vs, see MoiS'^an, Cnmpt rend., 
1894, 119 , 12, 1805, 121 , 851 , 1897, 125 , 276, Bull. .SV. chnn , 1804, (in J, ll, 1021 , 
1897, [ill J, 17, 4 , Kohu-.Mnost, Compt tend , 1908, 147 , 1293 , Handy, ./ Amn Chem 
Soc., 1896, 18 , 766 , Scligman and Willot, J Inst .Vet , 1910, 3 , 133 ; KIdst, Znt , 

1911, 35 , 663 , von John, i/nd , 1913, 37 , 363 , CrochiaKki, Zeifsrh anf/ew i^hrm , 1913. 
26 , 501, Belasio, Ann Chnn. Appluata, 1911, i, 101, Lunge, Ttrhnunl Methods of 
Chemical Analifsis, tians. by Keane ((liiniey k Jacksnn, 1911), vol. 2 , ]it 1 , p. 346 
For the estnnation of aliniinmim in silicate and caibonatc locks, see Ihllobi.Lnd, The 
Analysis of Siheate and Caibonate Rncki {Bull U.B. Geol. Survey, 1910, No 122), 
Hinnchbon, Ber , 1907, 40 , 1497 , Soldi, Zeihch anal Chem , 191.5, 395. Mcllor, A 

Treatise on Qiiantitatii^e Analgm (Gniriii k Co , 1913), and Tieadwell-Hall, Quantita- 

Uve Analysis (Wiley, 3rd E<ln , 1913), may also be consulted with advantage 

On tlie teclnneal analysis of almniinum salts, sec Bu}tT, ZeiMi. anal Chem., 188.5 24 
642 , 1886, 25 , 180 , Chem Znt , 1887, II, 53 , 1888, 12, 1209 , 1890, 14 , 736 , R Willmms’, 
Chem Ecus, 1887, 56 , 194 , Heilstein and Giosset, Chem Soc Absir , 1890 , p 85, A. H. 
White, J. Amn. Chem. Soc, 1902, 24 , 457 ; Scliniatolla, Bn , 1905, 38 , 98.5, Moody, 
.Zexiech, anorg Chem , 1907, 52 , 286, Ciaig, J. Soc Chem Iml , 1911, 30 , 184, W. W. 
Scott, J. Ind Eng Chem , 1915, 7 , 1059. 
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CLAY AND CERAMICS. 

CfiAYS^ aio tho cliiof c.arthy dojioMts utilised in tlio inamilcKduvo of bricks, 
tiles, pottery, luirl otlier ceiaiiiic products Tlie term “clay ” is one of popular 
origin and use, and has been incorporated into scicntitic torininoloiry m a 
rather loose manlier (ieolo^ioally, (‘la\.s occui ehietly ainon}j; tho mlimentary 
rof'hs^ althounh they am d<‘«.om[)osition pioducts of ceitain granites ai d some 
other Igneous rocks. ( ’heinically, clays am iinpnie, complex ahimmosihcic 
acids, the chaiaetniisties of a clay being dcpendimt on the paitumlar acid 
pi ('sent, on its stat(' of hydr.it ion, and on the impuiities assoeiaterl with it. 
INipularly, clays aie n'cogm^ed by tho fact that either in a natiiial state or 
when mixed \sith a suil.ihle ipiantity of water they hecoiiic plastic, although 
dilieront elays \ai} enoimouslym this icsperl, and when heated to redness 
they heeomo oomerted into haid, stono-likc pioducts 

The raw iiiatciials fioni whidi most claxs ha\e been producisl are the 
vaiious felspars, jiai ticul.uly tho alkali fclsjuiis orthoclasc and microcline, 
and their (h-eomposituai products, thes< minerals weie originally present in 
igneous locks such as gMuitc, pcgm.itite, trach}te, gneiss, etc Some clays, - 
howexer, luixo been dciixtsl fiom rocks containing little or no felspars, e.g. 
scipciitme and some gahhios, by the ihromposition of augite, hoinhlcndo, and 
other aluminosilicate mineials. 

The deeoni])ositioii of tho vainuis rock-forming minerals xvith tho pro- 
ductuui of clay has in most cases been biought about by Pf/ti/entr or surface 
actions, or, as is usually said, by “ xxeatlieiing ” Tho rocks expand under 
the inlliieiico of the heat of the sun and eontract again at night, minute 
cracks lieing thereby produced The crystalliiio structure of tlio rocks aids 
tho splitting in cmtaiii diicclKuis, and the disintogiation is accelerated by" 
plant roots forcing their ivay into tin* ciacks and liy ram xx’atcr percolating in 
and fiec/.iiig in cold xveather The silicat(’S present ui the rocks thus beconao ' 
more and more exposed to the action of suifaco xvaters. It lias generally 


^ For further ui formation on clax's tho following works may be consulted • Scarle, BntUh 
Clai/<i, S/ia/es, ovd Sain/s {C Grilfiti k Co, Ltd, 1912), Ries, f^lays, thcii Oe/’iirrenUf 
Propertu.s, ttnd i\es iWiloy k Sons, 2inl ed., 1909), Soarle, Tht Natural History of’ 
Clay (Caniliiidge Univeisity Ptc-is, 1912), Scarlo, The Clayu'orker's llamlbook (C. Grifflti 
k Uo., Ltd , 2iid cd , 1911); Meiiill, J'he Non-metallie Minerals k Soiia, 2nd ei/ 

1910) , Howe, A IIandh>nk to the Colleclmn of Kaolin^ ('hina Clay, and China Stone in the 
Museum oj Fradienl OVo/oy#/ (Lcmaoii, 1914); Le Chateliei, La siliee et Us sih cates {VexiAt 
1914); Moissan, TtniU dn chnme min^iale (Pans, 1906), x'ol. iv., article '* C/*ramique” 
Thorpe, A DuUunary of Applied CS^'mutiy (IjOiJgnian.s & Co , 1912-13), vnls. ii, and iv. ; 
Segor, Qcsamirelte Schiiftcn (Berlin, iS90, and Aiiu'iican translation, Kaston, 1902); and, 
Mel lor, Clay and PoUny Indiafncs, hfiny Ihe tUaleded Vai>ei3 fiom the County PottenP 
Laboratory, Stafordshire, vol. i. (C. (»t|Hiii k Uo , Ltd., 1914) 
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been supposed, following Foischamincr,^ that the carbonic acid held in solu- 
tion by those waters has been the active agent in effecting the decomposition 
of the silicates There is evidence, liowcver, that the minerals have also 
succumbed slowly to the hydrolysing action of water upon them, many 
powdered, natural silicates being sufhciently soluble m water to react alkaline 
towards phenolplithaloin.^ In the case of orthoclase, for evample, it has been 
suggested ^ tliat the initial change may bo represented thus . — 

KoAloSi.O,^ + 2H,()^2K01I + 

the aluminosilicic acid then undergoing further decomposition, whereby the 
elements of silica are partly removed and the elements of water added on 
until, m gcneial, the final product has the composition n,Al.,SiyOy.^ 

Some clays are consideied by eminent g(*ologist8 to have been produced 
by hypofirtuc actions, i ? actions ot ciirriiig below the surface of the eaitli. 
The Oornish and some of the Zettlit/ (l{oh('nii.i) (‘hma-clays have probably 
been produced in this nianiuT, the decomposition of the oiigmal igneous 
rocks having piocecded mainly from below upw'ards, cllected by the action 
of aqueous solutions of c.uboiiic oi hydroHuoric acid under prcssiuo and 
at higlf temiieraturcs ' 

Clays wliicli me found overUing or in close association with the locks 
from w’bich they’ have been dciived aie i.alled prnnari/ or lesufiift/ clays 
‘ The chief ])rimaiy clays arc the china days or kaolins, which aie only fcel»Iy 
plastic Clays which have been cairiod aw'ay fiom tbeir place of 0111:111 and 
deposited elscw hero aio known as secondayyor IraiiaporUd clays They aic 
**the w'asliings and sweepings of the hills, which Nature has aciaiinulatcd as 
her riibbisli-bca])s 111 coiiveiiieiit iduces,” and geneially they aio very plastic. 
Some clays, afti'r transportation, have* licen subjected to gieat piessuies in 
contact with water, wlieieby tliey have become haid and laminated in 
structure and lequiic to bo finely ground before they exhibit any plasticity. 
Such clays arc kiiow’ii as clay-shales, as the result of metamorjiljic change 
they pass into slates ^ 

Composition of Kaolins. — (lays winch are white and bilrii to a white 
mass arc known as /rar>//n< They may be either primary or seeondcirv clays, 
but all the kaolins found in the United Kingdom apjiear to be pnmaiy. 
They occur in association with the igneous locks fiom whicli they were 
derived, and have to be siqiarated by a piocess of waslimg The bulk of 
Continental and many cxtia-kairopcaii kaolins occur as seconrlmy deposits 
and need no w’asbing , they ditl'er from English cliiiia-clay 111 se\ei!il impoitaiit 
respects an<l are usually inferior to it. While the term “ kaolin ” is employed 
to denote either a dejiosit of wdiitc clay, a paitially dee(‘m])osed clay-forming 
rock or the clay that may be obtained from it, separate names aie dcoirable 


' Forsohanmici , Puq(/ Annahn, 1835, 35, 354. 

* F W. C'liiikc, Bull U iS'. Ucol. Isuirey, 1900, No. 167 

■ Ganieruii and Ik-ll, Bull. U.S. Bureau of Soils, 1905, No. 30 
Some cliemists consider the true foimula tu b«* at leust SIX times as kiigc. See W and - 
, D.'Asch, The SiliratcH ni Cheimstry aiui Comvicice, tianslation by A. li beailc (Conslable, 
«T913), or Seal le, Cement, Conneteand (Con-stible, 1913) 

® Daiibi^e, Ann Mm., 1841, [m ], 20, 05; Collins, Mag , 1887, 7, 205, but r/. 
'Hickling, Trans. Inst Mng Eng., 1908, 36, 10, who slates that “except in appearance ” 
wthe pr oduct obtained by acting upon felspar with bjdrpfluoiic a«id “lias not the leinotest 
i^^rNemblance to clnna-cbiy ” f 

* Tlie term lesidual elay, however, is soinetiniCB used in anotlier sense. 

T Many other kinds of .sliales and slates are also known. 
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for these materials, and in En^dand the terms kaolin, china-clay rock,^ and 
china-clay are respectively used for the purpose. 

English chiuji-el.iy is se])aiatcd from the associated loek )iy diiecting a 
stream of ^\ater upon it. Tlie tinely diMiled clay is s\\(‘pt away and is cairicd 
by the watei to a senes (»f eatch-pits oi ])ools, in whah tlie sand settles to 
the liottom The fluid is pumped to a eon\enient le^el .md is allowed to 
flow' slowly thioiigh .a senes of long shallow troughs or (hays in wliieh the 
mica and othei denser particdcs settle, leaving the cl<i\ in susjiension. The 
finest pailieles, imliiding all tin* ela\, arc then allowed to settle in a pit, 
after which the clear w.itei is nm off, the fine white mud is dned and then 
forms the chma-el.iy of eommeiee. The separation into fiactions is thus 
effected by a combin.ition of the pioeesses of sednnt ntafion, based upon the 
fact that coarse pai tieles sink in water more rapidly than fine ones, and of 
elutriation, based upon the fact that a slow stream of watei flowing over a 
heteiogeneou.s mass such .is a clay caiiie.s away with it the small ]iai tides 
more readily than it does the laigei ones ^ 

llickbng^ has made a caielul study of the niinoralogieal composition of 
English china-clay, with tlie following lesults The coaiso sand which first 
settles out consi.sts hugely of (jiiait/, mixed with tonimaline, biotite (blown 
mica), and muscovite (white mica) In the succeeding finer sands the 
quaiitituxs of qiiait/ and touimalinc dimini.sb eonsideiably while the amount 
of muscovite increases Thecoai.se muds which follow contain consideiablc 
(juantities of kaolniite In tin' liiiest muds no Imdite is found, toiirniiilme 
IS extremely seaiec', and quartz is only pie.sent in small <juantitics , the bulk 
of the niati'ii.il eonsisls of kaolinito and the lemannh'i is composed chiefly 
of muscovite No felspar is found in Eiigli^li china day. I'y exceptionally 
careful washing it is possible to nieieasi' the peiceiitago of kaolimtc to 
yO jier cent., but the lu'st commeK lal samples only contain 1)0 to 1)5 [lei cent. 

Most of the other kaolins aj)peai to lesemble the English china-clay in com- 
position, although particles of fcK})ai aie found in xaiious Contniental kaolins. 

Commercial china-clay is a soft, white' oi neaih white substance that 
may easily bo leduced to a veiy fine jiowdcr. AVhen mixed with twice its 
weight of wat^ it will })asK comph'tidy thioniih a No 200 sieve. 

Only a very sm.dl ])oition of ccunmeicial kaolins or china-clays can be 
recognised as the cry.stalline nnnei.d kaolmite by mitii)sco])CK ol oidinary 
power, ^ the bulk of tiic mateiial which Jlickling d.iims to be kaolmite appear- 
ing to consist of amoiphoiis ])ai(icles. The identity of this “amorphons” 
mateiial with ciystalline kaolnnti' is not conclnsixcly ])ro\cd, and the term 
clayite, proposed by Mellor/’ is sometimes iisisl to de.scribc it 

The very finely divided musco\ite piesent in conmicicial china ela}H is 


^ Also known as cuiclazitr. 

- It may hcic he ]ioiiite(l out that the iiuiionils movt plentiful in clays do not difTci very 
grently in then dejisitics, nsj shnwn hy the it»lli»wing data 

Kaolmite 2 6 Fclspais 2*fi.')-2 75 Hiotite 2 7-3'l 

Quait/! 2’65 Muscovite 2 76-3 00 Cakite 2 7 

^ Ilickling, Trans Inst Mng En<i , 1908, 36 , 10; ,7 Soe. Dyers, 1915, 31 , 70; cf, 
S W. .Toliiisoii nnd blakc, Ainer J. 1867, [n.], 43, 3.51 

* The pai tides picseiit 111 washed diiiia-clav ^ary fmni 0 0005 inm. to 0 03 nim. in 
diameter r 

® Mellor, Trnnt Knq. 19dd, 8, 23, fWfrrtcif J’a]Kis,\n] 1 p 158. Theteim 

dayi/e was apple d s<inie yeais pieMou-1} to a inimial of an cnliicly diffeieiit iiatuie di.s* 
covered by H. Clay. 

f 
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’ not the primary muscovite of the original igneous rocks, ^ but is most 
■ probably produced by the decomposition of felspar. The kaolmite, in its 
turn, appears to he pioduced from this secondary mica; the two minerals are 
crystallograpliicjilly very similar, and, on account of their well-developed 
basal cleavage, occur in cliina-clay mainly in thin plates 

The analyse.s of a specimen of kaolmite and a well-washed Devonshire 
china-clay arc given m the table on p. 108. Tho analyses of numerous 
commercial china-clays arc in good agreement with the view that the clays 
arc mixtures of kaolinite, muscovite, and quartz 

Composition of Transported Clays. — The mineralogical composition 
of these clays is naturally more complex than that of tho kaolins, since they 
not only contain tho various mineral constituents of the primary rocks and 
their decomposition products, but also numerous other minerals which have 
become adventitiously mixed with tho clays during transportation from their 
places of origin to their present sites 

Many transported clays are obviou.sly heteiogeneous, and, when rubbed 
up with w'ator so as to form a thin “slip” or “sluny,” they may bo separated 
into dissimilar fractions by tho use of sieves varying in mesh. The finest 
fraction may then bo further separated by sedimentation or by elutriation. 
Tho fractions thus obtained, beginning with that containing tho largest 
grains, are known respectively as gravel, fine gravel, coarse sand, fine sand, 
silt, fine silt, and clay ; and a statement of tho composition of a clay in terms 
of these constituents is termed its vieehttnicnl analysis. Tho following table 
records the mechanicat analyses of samples of Beikshire loam which is used 
as a brick-clay and StaflbidshiK' “blue buck ’’ clay — ’ 


1 

Bnksliiro 

Ijoam. 

StafTordsliiro 

Clay 

Kmc gravel (1-3 mm. diam.) . 

0*3 

0 8 

Coaise sand (0 2-1 0 mm diam ) 

4*4 

8 0 

Fine sand (0 04-0 2 mm. diam ) 

34 8 

7 2 

Sdt (0 01-0'04 nun diam) . 

9*6 

»8 9 

Fine silt ( 0 * 002-0 01 mm diam) 

5*0 

11 0 

Fini'st silt 

4*8 

15 0 

Clai 

27*8 

34 1 1 

Soluble in liydrochloiic acid 

5 8 

3 6 

Loss on Ignition , , . , 

7 5 

7 8 1 

Total 

100 0 

100 0 j 


The gravel, sand, and silt are found to be devoid of the properties usually 
associated with clay. That portion of the original clay to which the “ clayey ” 


5 , * The piiraaiy muscovite may be recognised in the coaise muds when china-clay rock 

j'ia washed ^ 

* These remarks apply jjaiticnlarly to Knglisli china clay, in which tho kaolmite may be 
' 'doBcribed as a pscudomoiph after secondaiy mu'-covite 

* Analyses communicated by Mr A. Q IIo])k|^s ; for method of analysis, see Hall, 
^.Trans. Chem. Soe., 1904, 85 , 950. Some ceramic chemists adopt other diamctns but use 
* the same names foi the fractions. 
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properties are due, consists of particles considei ably smaller than those of fine 
silt. When the j;ra.vel, sand, and silt have been renio\eil fioin a elay, the 
lesidue is often spoken of as “ clay substance ” , this expiession is not, how ever, 
a very happy one, and it is perhaps bettei to use the teini “ argillaceous matter” 
for the purpose Tlie nigillaceons matter is ne^ ei homogeneous, and in the 
case of the commoner clays, such as brick-clays, it may contain notable projior- 
tions of such substances as finely diMded fciric oxide and calcium carbonate 
(chalk) unless the clay w’as tieated with hydioc-hloiic acid before anal} ms. The 
figures gnen sciveto show the small propoition of “tine clay” that (*xists in 
many of the commoner clay deposits 

Microscopic (‘\amiiuition usually reveals the piesence of jiaitwles of 
felspar or mica (or both), but in comparatively few’ claxs has the pi(‘senco of 
the innu'ial kaolmite been established with ceitaintx ' Felspai, mica, and 
some form of silica (ejuartz) are so fiequeiitly piesent that thc\ maybe looked 
upon as normal constituents. Of tho nuimTous seeondaiy lock-forming 
niineials that occur in clays in small fpiantities pmhajis the most ubiipiitous 
IS rutilo*^ The almost invaiiable occuiience ol titanium in claxs was 

noted in 18(12 by Jvilcv ‘ th(‘ amount of titanic oxide, bow’i'Vi'i, seldom 
exceeds 2 per cent , and m man\ clay analyses it is (unconsciously) imMuded 
xvith tlie alumina 

Of tho various other mineral sjiecics pic.sent in transported elaxs the most 
important are limonite, 2Fe,(), , h.Tinalilo, Fed),, magnetite, Fe,0,; 

sidciitc, FeCO,, pynte and niaicasde, FeS^ , chalk and limestone, OaCO^, ; 
magnesite, MgFO, , dolomite (Ca,Mg)CH), , aiid gypsum, CaSO, 211,0 A clay 
that contains moie than 4 or 5 per cent of admixed chalk is (‘ailed a malm 
or mail , a clay iich in sand is tcimed loam Small ainoiints of soluble 
salts, chiefly sodium, potassium and magnesinm sulphates, jihosphates and 
chlorides oociii in many elaxs, and earhonaceoiis matter is seldom absent, 
although clays ditVer w’ldely in tin* amount tlu'y contain. Clays also 
(■ontam hygioscopic moistnie oi mechanically admixed water, removablo at 
lOh^-llO" C, while a fuither amount of wat(jr may be obtaini'd fiom them 
at a red heat by the decomjiosition of the aluminosilicic acids pn'sent 

Tho nicthids used for the u/fn/mfe clieintraf anali/iiiii of a clay are those 
regularly employed iii the analNsis of silicate rocks* Results iiio usually 
exjucssed as percentages of .uidic and basic oxid(*s Analxses of kiiolniit^ 
and a number of tx])ic;il English elaxs are given in the table on ])age 108.® 
In eertain eases it is necessai y to determine nioie pi(‘eisely tho rial lire of 
the “loss on ignition,” by e^Jtimating separately the water, carbon dioxide, 
carbon present as organic matter, etc. More(A’i*r, the tignie shown for 
“ferric oxide” is usually only a mt'a^inc of the total non picsent, without 
reference to its miiieralogical soincc or sources and its state of oxidation 

It is ditlicnlt and often impossible to detenumc llie <piantitalixe, or even 
the qualitative, composition of a tiansported clay in terms of the minerals 


^ See Ilickliiig, he cit , fur a ipvirw of tlio oxidfiiof 

2 Hiissak. Spjcchsitnl, 1S8‘», 22, iJfi, lf»l , Tiaill, Mag., 1835-7, 7, 201 , Vogt, La 
C&(fmujnr, IPO), 6, 68 

Riley, Quart. J Chnn Sor , 1|()2 15 , Jill. 

• For the aiiah-jisof cla^s •-pe pspr ci illy MpHoi , A Tuntar on Quantitative Inorganic 
Analysis (C. fiiiHin k Co., Ltd . 

® Anal}ses 1 and 2 liv Mollor and ^old( nift {Tmns Eng (W. Sor., IPll, 9, 94 ; 1912, 
XO, 16^) , analyses 3, 4, 5, and 6 c*oinniunuali*d by Mr A. C. Hopkins. TliP data refer to 
•amples diied at 110" C The mechanical analysis of 4 and 5 is given in the table on p. 106. 
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present ; a fundamental difliculty aiifit's in connection with the nature of the 
**true clay” present Of wliat mineral or minerals is it constituted? In the 
case of the plastic ball-clays some approach to a definite answer may be given. 
These clays on careful eliitiiation and sedimentation yield a residue which 
consists mainly of amoiphous material and, though neVer entirely free from 
foreign minoial jiarticles, its analysis approximates very closely to that of 
the ciystallme mineral kaolinito From this fact it hah often been inferred 
that the basis of all clays is an aliiminoailicic acid (or hydrated aluminium 
silicate) of the formula HjAljf^i.jO,^ (or Al2t)3.-SiO, 211 ., O), an inference some- 


Constituent Estimated 

Kaolmite ^ ’ 

(Glamorganshire) 

>2 

3 

4 

Red-buming Bnck- ■ 1 

clay (Berkshire) | 1 

0 

cn 

c= 

eS 

T! ^ 

B 

0 

OT 

China-clay 
(Lee Moor, Devon). 

Ball-clay 

(Dorsetshire). 

? s' 

c'H 

:a 0 

si 

Silica (S 1 O 2 ) 

l.'l 04 

47*10 

.'.O-fil 

58 90 

70*;’) 7 

02*88 

Titanic oxide (TiOj) . 

ml 

0 13 

0 6\ 

0 91 

tiaec 

0 73 

Alumina (AhOO 

38 68 

39 4*2 

34 *22 

19*01 

13*45 

2,5*20 

Feme oxide . 

0 14 

0 *23 

1 74 

1 9 51 

6 09 

1 71 

Magnesia (MgO)” 

0 01 

0 ‘24 

0 02 

1*45 

1 35 

0 04 

Lime (CaO) 

0*38 

0 31 

0 43 

0 6.5 

O-GO 

0 33 

Potash ( K.j()) 

0 18 

0*1() 

0 81 

1 28 

1 38 

0 19 

Soda (Na,j6) 

0 13 

0 08 

1-C6 

1 23 

1 30 

0*‘28 

Loss on Ignition etc ) ' 

If) 94 1 

1*2 ‘24 

9 59 

6 ‘27 

4 77 

8 87 

Total 

100 40 

99 91 

99 81 

99 87 

99 16 

lot' ‘29 
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times expiessod by saving that clays are composed of tiueclay or kaoliinto 
associated with various other minerals. Jt is, however, very midesiiablu that 
the name kaolmite should be employed to denote anything but the crystalline 
mineral, and it is at least prcmatuie, and most iirobiibly eiioncous, to conclude 
that only one aliiminosilicio acid exists m clays A number of minerals 
which are presumably aluminosilicic acids of a somewhat similar nature to 
kaolmite, e.ff allophane, collyrite, pholeritc, nacrite, rectoiite, halloysitc, 
newtonite, pyrophyllite, montmoiillonite, etc, arc known. 2 It 13 not certain 
that all these substances (several of which arc only known in the amorphous 
state) are distinct mineral sjieeics , several of them may possibly be mixtures 
containing silicic acid and aluminium hydroxide The detection of these 
substances in clays is veiy difficult, since, with the exception of the china- 

* This includes 14 '44 per cent H,0 and 0'80 per cent of caibon 
^ ^ 2 The hteratuie relating to these suhstnnces is veiy cfiifusing. Fi»r example, LeChatclioi 
. gives collynto the foiinnla AljOg.SSiO., and regaids allophano as idcnlical w’lth ’t 
Others give allophdiie the fonnula A IjOj SiO^ 5Ho0.y See Doeltei, Handbuch der Mineral- 
vol. 11 . (1914); Hies, opus cit , Seaile, Jtjimh Clays, Shahs, ami Sands (C. Griffin 
h Co., Ltd , 191*2; AV and D Ascii, The Sihrates m Chemist) y and Commeice, tiansl. hy 
A. B. Searle (Constable, 1913); Searle, Ctinent, Concrete and Bi uks {Const&hle, 1913). 
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clays and ball clays, the “ true clay present can rarely be isolated in any- 
thing like a puie state , from the woikof van Bemnielcn, houcvei, it appears 
that collyiiic, the only membei of the series that is deconiposc'd by liydro- 
chloric acid, present in lunneroiis clays ^ Le Chatelier- has pioposed to 
identify the diUcient aliimiriosilicic acids by means of certain tlieimal changes 
that may be ol)seived wlien they are heated, and by this method ho claims** 
to have established the identity of halloysite and pholurite with the alnmino 
silicic acid [Jicseiit m china-clay. 

At the present time it is nsnally considered that the “tine chi} ' present 
in a traiis[)oitL'd clay con^i^ls of alnminosihcic acid oi mixture of siicli acids, 
sometimes \Mth ficc siluic acid and aliimiinum hydroxide' Although in 
the case of the ball-chus (and probably ninnorons other clays) tin' “true 
olay ’’ has the same composition as kaolniite, it is not correct to consiflor that 
it is an amoiphons lorm of that nimeral, orth.it it is identical with clayite 
(p. lOf)) It dillers fiom the latter lirstly in th.it its pailiclesare much smaller 
and do not seem to have been shown to be crystalline, and secondly in that 
it IS exticmely jilastic. Accordingly, Searle distingnislies the “ true clay ” of 
ball'Cl.ays and otlici highly pl.istic transported elavs by the term pehuite 

Attempts to determine the mmeralogical composition of clays an' often 
made, based upon tin* fact that the “true clay” they contain is attacked by 
coneeiitiatcd sul])liuiic acid. When a clay is heated with concc'ntiuted 
biilpliunc acid the “tiuo clay” contained in it is decomposed with the 
pHidiictioii of aluminium sulphate and .silicic acid hydiogel, and tlicsi* may be 
removed by digesting the nias.s alternately with .sodium h}<lio\ulcoi eaibonato 
.and liydio<'hloii(! <icid " The loss in weight winch the clay iindeigocs is often 
regarded ,is repre-seiiting tlu' “ Line clay ” or “clay snhsliinco" picscnt. The 
non-pl<is(ic lesidne is then reg.uded as being a mixture of fclspai or mica and 
quait/. The silica and alnminu it contains are deicimined and the equivalent 
amounts of I’olsp.ar or mica and ({ii.iil/ are cak‘ul.it<‘d 

All anal} SIS of day (Mined out according to the scheme just outlined is 
c.alk'd (or latlicr miseallcd) a nUunml It is bas('d upon the 

assiiniption that only the “true clay ” is leiidcied .soluble bysulphiiiic acid, 
w'lieie.is it IS known tli.it imc.i is alway.s nioie or h‘ss attacked, the extent 
varying with4he nature of the miea, its state of subdivision, the concentra- 
tion of the .acid, and the time of he.iting. Felspar is also attacked, but not 
so readily as mica Hence the mateiial decomposed by the sulphuiic acid 


’ Viiii itnoni ('firm , 1J*04, 42, , lUUy, 62, ‘221 , 1910, 66, 322. 

" Le I'liiilolici, Cmiipt. mid , 1S«7, 104, 1J41, 1517, JiuU Hoc fninr. Mm , 1887, 
10, ‘207 

® I.e CliaLelu'i, Lahilueel hs nh'iihs (Pans, 1911). 

^ tlliiy.s Ill'll in Ik’c aluniiiiiuiii liydi.ixnle aie tPinied lafn itr 1 layi or lafrntfs are 
paiticiilaily ii1)iiii(iaiit in t lie tropics. It is supposed that iiikIci lrn{)ieiil con'iitinnh ordinary 
cla}SiOie slow'ly decomposed into tiec silica and aliiniiiia (see X an r»ennm'len, rit ; Lacroix, 
Cump. lend., 1914, 159 , (j 17 , Feriiiur, (leid Muq , 1915, 2, 28, 77, 1‘23) It lias been 
suggested tliat the hniuriti s (p 73) aie clays 111 winch tlio laten sal 1011 is very adxauecd. 

' .Sciirle, Thr Xatnud of 6Vify (f’umbiidge Unncisity I’less, 1912), p 148 

Aecoiding to Asoh and Asch rit ) the elh'ct of liesiting true olay witli sulphuric 
acid IS not the inodnetion of aluminium sulphate and silieic acid but the forinalioii of a 
romaikahly stable soluble ulunnnosilicie anliydiidc and the separation uf some fine silica. 
In the pure piiniai} cl.iys the nun^ei of aliiniinosilieic acids ])rcsent is limited and the 
com]>osition of the soluble anliydnde is conseipienth constant, but transpoited clays have 
usually derived their “tiue clay ” from seveial souiccs so that it piohably contains several 
aluminosilicic acids and the true natmo of the mixed soluble anliydiides cannot then 
be ascertained. 
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is' not merely the “ true clay ” proecut. Again, many of the commoner clays 
contain coimiderablG quantities of chalk, sidcrite, and lucmatite, or notable 
amounts of colloidal silicid acid or organic matter, which must be determined 
' separately and their irillucnco on the rational analysis allowed for; hence 
whilst with the purer kaolins the errors may be only small, with common 
clays this method of analysis is of little or no value and is frequently mis- 
leading In fact, many rational analyses of clays recorded in the literature 
' are quite inconsistent with the ultimate analyses of the same clays. ^ lienee, 
as Searle ~ has pointed out, a considctation of tlio ultimate chemical analysis 
and a microscopic examination of a clay is, at present, the most satisfactory 
method of arriving at an approximate idea of its mineralogical composition. 

Physical Properties of Clays. — Most clays are fairly soft solid bodies, 
particularly when moistened with water, they have a characteiistic ‘‘argil- 
laceous ” odour, winch is usually attributed to the piesciico of organic matter. 
The true density usually varies between 2 50 and 2 05, but as some clays 
are more porous than others the apparent density vanes very considerably 
Fleshly dug clays vary veiy consideiably iii colour, fiom iieaily white to 
almost black ; most commonly they aio yellow', giey, or greyisli-lnown The 
colour 13 due partly to the organic matter present and partly to the piescnco 
of certain minerals, usually compounds of iron (haunatite, limoniLe, sidente) ; 
colour 18 aecoidingly no reliable criterion of the puiity of a clay or of the 
colour it will become when burned in a kiln or pottery oven 

A very obvious and extiemely important propeity of a moist clay is its 
plaaticiti/j or ability to change its shape without rupture wlien submitted to 
pressure and to retain its new shape wlien the pressure is rcmo\ed. DilVercnt 
kinds of clays vary enormously in their degrees of plasticity No luitirely 
satisfactory method for mc<isuMrig tlio plasticity of clay has \et lieeii deMsed 
A decidedly plastic clay has the power of rein, lining jilastic when other 
finely divided but noii-plastic matenals, e (/ sand and briek-dust, arc incor- 
porated into It In gonoial, the moie pl.istic a clay the gieater the amount 
of non-plastic material which it can thus “ bind,” and the inoio finely dnided 
the added substance the smaller is its etlect in reducing the tensile st length 
of the clay. 

Owing to its heterogeneous character a diy clay is porous, i.e. its apparent 
volume includes tlie Nolumo of a considerable ipiautity of air , this maybe 
roughly estimated by determining the (juantitv of ineit Injuid which it can 
absorb without cliiiuging its volume. If a little water is added in small 
quantities the clay first becomes giaiiiilar and then pasty The addition of 
a still further quantity of w'atcr separates the particles to such an extent 
that the cohesion is destroyed, the clay “runs,” and a fiuid clay “slip "or 
“slurry” is produced 

Wlieii a clay that has been kneaded into a plastic rn.iss with w'ater is set 
aside in the open, evaporation of w’atcr commences at the suii'ace .\s the 
surface water evaporates it is replenished from within the ma^s, and as long 
'as there is any water betw'cen the clay particles the process of drying is 
attended by a shrinkage in the volume of the mass. A stngo is eventually 
reached when the solid particles are in direct contact with one another, 


r ' Molloi, Coll'itcd Pupen, 191 1, vol i p. 109, A Tienliseo)i Quanlitative Inoryunic 
, Analysis, 1913 (C Giifliii k Co., Ltd.), chap, xhv., where a critical discussion of the method 
of rational analysis w'lll be found. ^ 

* Searle, opus cU. 




• ’ctAY'AifD CBBAM1(38. t ’ifl?' 

and the removal of the remaining small amount of water is not attended by 
any further shrinkage. The amount of shrinkage depends upon the texture 
of. the clay, the relative proportions of jik^stic and non-plabtic materials it 
contains, the amount of water added, and several other faetois, and a shrink- 
age in volume of 12 to .‘18 per cent may he considered iioimal. In the 
preparation of various ceramic piodiiets fiom clays which exhibit a huge air- 
shrinkage, sand or mateiial of a sandy iiat me is often added to reduce the 
shrinkage, and an additional advantage is theiehy gained as the increased 
porosity permits the mass to he diied iiioie ia])idly and minimises danger 
from cracking. 

Many theories liave been advanced to aecount for the jilastieity of wot 
clay, but not one can be eonsideied as wholly satislaetoi y.^ hi .i general 
way it may be stated that each solid particle juesont in the clay must bo 
surrounded by a film that is eolioiciit and selhliealing In the opinion of 
Le Chatclier® the iilni is composed meiely of water, the coheieney of the 
plastic mass being attiilaited to (i.) the l.'tmellar structure of the clay 
particles, which can accoidingly slip ovci one anollior readily like the 
various units in a pack of caids, and (ii ) the picsenee of minute air-biibldcs 
in the mass, on aecount of winch iimumorablc capillary menisci a o pro- 
duced and the lainullai particles held tightly together by the opeiah’inof 
surface tension 

It IS an nndoiibled fact that very finely divided Mv.iolinite, mi(‘a, glaiico- 
pliane, ealcite, gypsum, and other minei.ils winch leadily cleave into ]»latcs, 
acijuire a ceitain plasticity when mixed with the leijiiisite amount of water; 
yet, while it is possible (hat Lc riiatelK'rs explanation of plasticity may account 
satisfacloiily lui the feeble plasticity of the kaolins, it is impiobable that it 
can be iiioie than a minor cause of the jilastidty of tlie liighly plastic 
Bocondaiy clays, even if it he eriaiited that with a smaller si/e of el.iv paiticle 
the plastieitv would bo augmented 

It IS diflieult to connect plasticity with eheinieal composition, as clays 
winch yield almost identical icsults upon analysis may dilfer widely m 
plasticity, moieover, clays that aie iiehest in “clay substance" aie often 
less plastic than those which aie less puie, .so tlut allhough many aulhoritiea 
have attriliuted plasticity to a peculiar struetuio of the clay mol(* ** cule, such 
ail explanation should not be hastily accepted.* 

Theie is considerable evidence for the view that most clays eontaiii 
colloid matter^'* and that the plasticity of a clay is closely coniiceted with 
the quantity of colloid matter piesent. Ashley, in a discussion of this 
subject,*’ considers tliat both inorganic and oigaiiie colloids nuiy occur in 
clays. Tlie fi'rmer include amorphous aluminosilicie acids, silicic acid, ferric 
hydroxide, and occasionally aluminium Jiydroxide, the lattei, which have 
been inodiieed from vegetable mattei, are usually referred to as “hunfhs”' ^ 


* Till- iiioie iiniunl.niL llieoiic>» liavi l)n*n r.in*(ully suiiimaiisrd by Scailc, BritnJi Clays, 
Uludes, and ilujuis {C (Jiilfiii & Co , Ltd , 1912) 

** Baiicrolt, J rhysKu! Chem., 1914, i 8 , 7S3 

* Le ChateluT, opus cit. (p 109). See also S \V. Jolinsoii and J. M. Hlalic, Amer. J. 
Sci., 1867, [ii.], 43 , 361. 

■* Foi an attempt to connect the plasticity of clay wit li the cln'iuieal lonstitntion of the 
clay molecule, see W and D. Asch, nt. 

^ Fiibjt siigijcsted by Way, J llotf Ague. ''W , 18r)0, li, 313, and Schlocsing, Compt. - 
und., 1874, 79 , 376, 173. 

* Ashley, Sail. U.S. Gcol. <S'umy,'l909, No, 388 , where immeious refciencos to the 
literature may be found. 
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or “ humic acid.” It has been suggested by some that the organic colloids 
are the most important,^ but tliis cannot be regarded as proved. On the 
colloid theory of plasticity, a wet, plastic mass of clay is regarded as con- 
sisting of iiinumeiablc minute solid mineral particles disseminated through- 
out a gelatinous, colloidal hydrogel or mixtiue of hydiogels, satuiatcd with 
water. 

A hydrogel such as precipitated silicic acid shrinks very largely m 
volume oil drying, and wlicii diied at a fairly low temperature forms a 
very hygroscopic m.iss which can take up a consulei.ible amount of watci 
without appealing wet Jii these lespeets it closely icseiiihles a plastic clay.- 
Plastic clayh aie in \.iiious othei respects similar to hydrogels, e y. they 
adsorb suhstances seh'cLivcly fioin aipicons solutions. The ad^'Oiljed sub- 
stances may be either metallic salts or oiganic dyes of a colloidal nature.- 
The adsorption of 1 or 2 per cent, of certain organic colloids such as 
gallotannic acid and catechu increases the plasticity of a clay Ashley has 
proposed to mcasiiie the plasticity of a clay by its power to .idsorb methy- 
lene blue 

The presence of icvcrsible colloids iii a plastic clay is suggested by the 
manner lu which the viscosity of clay slips is mlliiciiced by the pieseiico ol 
metallic salts Foi instance, a plastic clay which has been worked up witii 
water into a vciy viscous mass may ho liansloimed into a mobile licpiid by 
the addition of a little sodium hydioxide or carbonate, and recon\ cited 
into a VISCOUS mass by the furthei addition of a little hvdiochloiic acid 
The explanation is piobahly as follows’’ Tlie colloids piesenl m clays aio 
negatively charged wdicn in colloidal suspension, and accoidmgly it is mainly 
the positive ions of the electiolytes added lh.it aic of milueiice in jnodncing 
their coagulation. All clays contain soluble salts to some extent, althongli 
it may often be but a slight one, and of the ions into winch they dissociate 
the positive, bivalent calcium lou has most ellcct iii ])ie\cnling the hwhogcls 
present fioni p.issing into hydiosols wlien the clay is stiired up with water 
The addition of sodium carbonate leads to the roinoval ol tlic calcuiiii 
ions and ihcir replacement by univalent sodium ions which, being of 
lower valency, are less able to fii event the conversion of gel into sol.^ 
On this view the addition of sodium caibonalc little by little would be 
expected first to facilitate sol formation and thus diminish the viscosity 
until the calcium was precijul.itcd, and then, with inci casing concentra- 
tion of sodium ions, to facilitate the revci.se change from sol to gel and 
80 increase the viscosity " This is precisely how the viscosity is observed 


^ See, € f/ , Sirw.iil, ./. Ind. Eaq i’/iem., 1913, 5 , 421 

a Way, J. Huy. Ague Hoc , 18.'j 0, il, 313, Huvli, Tonind. Zuf , lUUl, 28 , 191 , tties, 
Tra^s. Amer. <'n. Soc., 1904, 6 , 44 ; AsUley, ItK cif. 

^ Acheson, 'Ttmis. Amcr. Cet aSV., 1904, 6 , 31 

* Sinioms, Hprcehsaal, 1905, 38 , 597, 881, li)25 , 1906, 39 , 169, 1167, 1184 ; Bleinnigei, 
Tram. Amer. Cer. Sue., 1908, 10 , 389 ; Mcllor, (Jrccii, and Baiigli, Tian‘< Eng Cci. Sue , 
1908, 6, 161, or Mellm, Collected Papets, vol 1 . p 88 , Back, Z’/t/zis ..liner. Cnr Sue, 
1914, x 6 , 515 ; Bloiniiigcr, J. F/unkliii Inst , 191.5, 180 , 225 

® W. and U. Ascii {upits cif.) corsidcr that the addilmn of '•inall (ju.intities of alkali 
convoits clays into blionglyacid suits by lupl.u iiig only one tn two liydicgun atoms in a 
highly complex molecule They also consider that the adilition of a weak ucid leplaeeb tlui 
alkali metal by hydiogeii and lestoios the oiiginal cVy molecule They liinl conliiniiitiou 
of their views in the diHeuuiti.il behaviour of china-cUy, which had been tic.itcd with soda, 
to strong and w eak acidb lespectively. / 

• See Vol. I. p 84. 

’ F. Foerstci, C/iem. Ind.f 1905, 28 , 733. 



CLAY AND CEKAMICS. 



to vary.' The great value of sodium cnibonato in the produrtioii of a fluid 
.slip containing a niininium of water has been known for many years and is 
utilised in pri'paiing ceramic bodies by the method of slip easting ([). 126). 

W. and D Aseh claim that their theory of the molecular eon‘'titiition of 
clays accounts foi all the so-called colloidal propeities in a puiely ehemical 
manner. 

Action of Heat on Clays.— The simplest case is that of the action of 
heat on china-clay that has l»e(n woshed fice fioni all but a ^eIy small per- 
centage of mica and qnait/, 1 1 a mivtuie of clajite and kaolinile, the foiiiier 
being in gi eat excess The decom])obition of this mixlnie by heat has lieen 
carefully studied by Melloi and Jloldcioft.^ At 100“ to 110" (' the liygro- 
scopiG moisture is dincii ofl , at higher tcmpeiatuies water is exolved in 
conseipiencc of the bieakdown of the molecule It is not possible to state 
any deliiiite tempeiaturc below which Ibis deromposition ceases , the late of 
deeoniposilion mci cases with use of teinju'iatnio and is (jiiile pmccpl ilile at 
b00‘ the mass losing wciglit at the late of 1 2 j)er (ent jiei boui Aa 
the teuijK'iatuie is iiieic.iscd to a little above nOO', deeoiiqiosition of the clay 
occiiis with a decided al)soij)tion of heat fahoiit 10 8 Cals per foimnla-weight 
in giams of cl.uilc) The evidence is not conelnvi\(* on the matter, but 
Mellor and lloldcioft tliiiik it very piobable that this heat absorption corre- 
apoiida with the following ehemical change — 

1 1 ,A I,Si ,( ), = A 1,( )j -f 2Si(), + 2 1 r,( ) •< 

^\IuMl the teiiipeiatuie teaches a little moio than 800* a marked evolution of 
heat IS ohserxed, owing to some kind of change (polymei is, ition taking place 
111 the alumin.i [ij p 72).' At tempciaturos lietween 1200“ and l.'li'O* the 
silica and .ilumiiia commence to reunite* at a slow' hut jicrceptihlo rale, for 
crjstals of sillimanile, AI.O, SiO ,, begin to form in the mass At higher 
tempi'iatnies (alioxo 1700 ), owing to the fusion of the tiuees of mica and 
silica nil I lally pi esent and tlie silica pi odneed from the decomposition of the 
chiMte, the mass commences to sinter, and it becomes decidedly fluid at 
1710’ C." 

The theimal changes observed with china-clay at temperatures just above 
500’ and 800’ aie also noticed when the puio mineial kaolinitc is heated;^ 


^ For tiirllicr iijInuiiatiDii (»ii tlic (’ollnulal tluoiy f'l pld^ticny, see A‘>liJt‘y, /or. at,; 
llolil.iinl, Inc Tone (Viriina, 1U0'>). />vsih. anouf Cltrm , 11*02, 31 , 158; 

Spru/isaa/, 100(3, 39 , i:i71 , Jinnhnn /cfn'h , 1912, 46 , 374, Kul/on/ Zti/hih , 1914, 

14 . 193, CusliiiKiii, 7" Amrt VJnm Soi , ll'o.l, 25 , 4'»1 , Tions Avur Cn Sor., 1904, 
6 , 65; N. li IlaM**, ilmi , 1914, 16 , 65, Hull In^t Mug Eng , 1915, !►. 301, and 

spccidl tieatises on clajs 

Melloi and JIuldcioft, Tran^ Euff Co. Sor., 1911, 9 , 91, Molh r, Colhitcd Pufiets, 1914, 
\ol. 1 . p 272 Sec also Lc ( lulihci, opu.'> of., and Hull, Soc fianr. Mni.^ Ihs7, lO, 207 ; 
Compt lend., 1887, loa, 1-143, 1517 , Samoilov, Hull. A<ud S<i I’llrouiud, 1914, p 779. 

“ All tliat IS ceilaiiily known is lliat water is gocn oil in the propoaion nnlicatcil 111 the 
eiiuation, and that the lesidue is «,olublo in dilute hjdiorhlonc ai id. This is incompatible 
with the production of fioc silica, and is icgaidctl hy M»nip chcmivts as indicating the 
formation of a soluble aliiniiiiosilicic anhjdiide AWSivOars*.:,, which polynicnses or 
decomposes and becomes in.soluble on further beating See Sv. and D. A'-ch, opus at 

I Or in the aluminosilicic anliydiidc (</. preceding footnote). 

Oi the aluminosilicic anhydndc to decompose. 

'* Kanolt, 7. Washington Acad Sri , 1912, 2 , 337, Piqurs, Bui, Stand.. 1912 
No. XO. 

’ Mellor and Holdcioft, Tinin, Eug Cti. Soi , 1912, 10 , 169 , Mellor, Colkcted Pavers. 
1914, vol. i. p. 297. 

VOL. IV. 
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this is a strong argiimont in favour of the view that clayite and kaolinite are 
the same substance in dilFcient degrees of subdivision or difiTerent physical 
conditions 

Little IS known of the action of heat upon the other aluininosilicic acids 
whicli are thought to c\ist in clays,’ but it is at least very probable that at 
teinpei.itures above 000'' or thereabouts they behave hke k.iolinite. 

Ordinaiy clays are heterogeneous, and hence cannot be said to have 
melting-points in the true sense of the teim. Of the variously finely duidcd 
minerals present in them, some, e <j. the felspaisand micas, have definite melting- 
points, while others, e tj chalk, dolomite, siderite, pyiitcs, irypsum, etc , when 
heated, undoi go chemical decomposition at temperatuH‘s below the melting- 
points of the former,- with the production of substances of very Ingli 
melting-point (lime, magnesia, ferrous ovule, etc ). These substances, bow e\ er, 
arc basic in chemical cliaiaeter, and leact with silica, micas, and fclspais at 
temperatiiios of about 900' to 1000", i e. considerably below the melting points 
of these substances,^ w’lth the production of molten silicate mivtures. As the 
heating is continued and the temperature rises, the felspars and micas, still un- 
changed, commence to melt. Tho felspars, micas, lime, magnesia, etc., m a 
clay^ arc accordingly said to be tbe.^iue.s piesent It is a curious fact that, 
except in tlie presonee of lime, feme oxide docs not appear to act as a flux 
but rather as an iiifusiblo matenal , fcrious oxide, however, is a pow^erful 
flux. Titanic oxide is an acidic oxide wdiich, like silica, acts as a Ilux in 
rofractoiy clays. 

of a clay depends upon the nature and amount of the fluxes 
present. Hearing in mind that feiric oxide may or may not act as a fiiix, the 
amount of fluxes present may lie seen from the ultimate analysis , the sum of 
the alkalies, lime, magnesia, “ ferric oxide,” and titanic oxide is often siiokenof 
as the amount of fluxing impurities contained in the clay, (-oneeiinng the 
nature of the fluxes present, it may be said that the alLalics are eontiuned 
almost entirely in tlio micas and felspars, whioli mineials also account for at 
least part, and sometimes practically all, of the lime and magnesia presimt. 
The presence of above 5 per cent, of lime is, however, an almost ceitain 
indication that free calcium cai bonatc is present in the clay 

The action of heat on a natural cla\ is such that at a ccitain tempera- 
ture, which may be as low as about 90U' C or several hundred dcgiecs 
higher according to the nature of the cl.iy, molten matenal commences to 
form in it This fluid, which is very vi.scoiis, acts a.s a kind of “cement,” 
binding the still unfused pai tides together, on cooling, tho “cement” 
sets to an amorphous “glass,” inste.ad of crystallising, and, unless the 
propoition of fluxes is too small or the time of heating too short, a hard 
porous mass having considerable crushing strength is obtained 


^ Sep, liowcvn, L'l Clutcliui, he lU 

^ E ff. the (liS']()ciuU(>ii-i>i(‘ssuie of calcium caibonafe leachcs the value of one atmosphere 
at 898“ 0. (Johnston, J. Amer. Chem. Hoc., 1910, 32, 938). 

^ The jnclting-])()intH of the alkali felspai.s ulbitc and oithocl.ivc are not known with 
much accuracy, but arc rather lower than 1200“ 0.; Bowen gives the value 1100 + 10“ CJ. 
for albite. Tin* melting-points of the plagioclase felspais rise steadily with iiiciease of 
calcium content fiom c. 1100“ C , the melting point of albite, to 15.')0" C , the melting- 

S ointof anoithite (Day and Allen, Amcr J i&'a.K:1905, [iv ], 19, 93; Ihiy iind Sosman, 
iid , 1911, [iv.], 31, 341 , Howon, ifnd., 1913, [iv ], 35, f)77). See also Joly, l*ror Hoy. 
Irish Acad., 1891, [111 ], 2, 38 ; Cusack, ibid., 189t>, [in J, 4, 339 ; Docltei, 7'sch Min. 
Mitt,, 1901, 20, 210 . 1902, 21, 21 Wbito mica 01 muscovite is not such a loadily fusible 
flux as an alUali fels]iai ; see It. T. Siull, Tiam Amer. Uer. Soc., 1902, 4, 255. 
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If tho i)L‘riod of heating is prolonged, inoio and more of the fluxes enter 
into the fluid state. Tlie surface tension hetucen fluid and solid causes the 
solid pai tides to be diawii closer and closer together, and this, with the flow 
of fluid into the pores, diminishes the poiosity of the heated day. At tho 
same time tho fluid exerts a solvent action upon the solid particles. Tho 
entire piocess is spoken of as the vitHJic(itio7i of the clay. The speed at 
which the vitrilicatioii juoci'cds at a given tempciature dejieiids upon tho 
composition of the day and on its tcxtuie, i.e. the sizes of the various kinds 
of pai tides piesent : (juart/., for instance, is more readily dissolved by tho 
molten fluxes when veiy finely divided than when ft is piescuit iii coarse 
grains. My laising the temperature, tho latc of vitiificatioii is acceleiatcd 
When the period of heating of the day is siiHlcieiitly juolonged at an 
assigiK'd temperatiiie, it may happen that the vitniieation is carried so far 
that the mass is nojoiiger capalfle of retaining its shape, i.e. it softens. The 
more leadily a clay softens the less lefraetory it is said to bo. 'I’he softening 
of tho mass is determined by the ratio of the fused to the unfused material 
present, i.e. by tho extent to which vitniieation has proceeded, and by the 
viscosity of tlie fused mateiial As the vitniieation is caused by slow re- 
actions in lieteiogeiicous s\ stems, tho temperature of soflenmg i!> not a 
measuie of the lefiaetoiiness of a day xvithout leference to the miiinii'r in 
which it IS heated, for the tempeiature of softening will xaiy with llie rate 
of use 111 the temperatiiie of the elay, with the chemical changes undergone 
by the clay, with the ns«‘ of an oxidising ora reducing utmospheie, and with 
the picssuie, since a viscous fluid which is incapable (»f flowing under its 
own vveiglit may be caused to flow by subjeeting it to sufficient pressure. 

When a day is heated to a tempeiatuK* at which vitiification will proceed, 
and maintained at that tempciatuie, it docs not follow that vitrification will 
continue until the mass softens. If the peieeiitage of fluxes is low, tho fluxes 
soon l)ec<ane saturated with the leliactoiy pai tides and foim a solution which 
IS piaetically mfiisiblo at the given tempeiature The tenipeiatuio must 
then be laisod fiefoie the fluxes can again resume their woik of dissolving the 
refiactoiy paitides while drawing them clascr together. On the other hand, 
the pro[)ortion of fluxes may be such that, although tho mass docs not soften, 
vitrification continues at tlie given temperature until the porosity of the mass 
has bei'n reduced piaetically to yew and a.stonevvaic mass, impervious to water, 
has been producoil. The day is tlieii said to have been completely vitiiflcd, 
and clays which beliave in this manner aie called vitrifinhle or stoneware claijs, 
Thc 3 extent towhidi vitrification proceeds increases with riseoftcmjieratiire, 
so that a clay whicli completely xitrifics at a given temperature may not 
do so at another and higher temperaturo without softening and losing its 
shape Tho temperature interval between the point of iiieijuent vitniieation 
and the softening point is spoken of as tho “range of vitrification." Since 
clay ware loses its conimereial value when it softens and loses its shape, it 
will be clear that the production of stoneware from vitiifiable days is only 
safe with clays having a long range of vitrification , if the range is short, 
disastrous results may easily occur as the lesult of slight ovciheating. 
It has been found that calcareous clays aie those which have the shortest 
range of vitrification In this respect the fluxing action of lime is iii marked 
contrast with that of magnesia.^ 


Ma-ekler, Tomnd Zeit , 1904, 26, 706 ; Hottinger, Tran(>. Amer. Cer. Soe., 1903. 5. 
180; Ramnger, ibid., 1904, 6, 86. . ' 
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The ioftenimj pomf of a clay is usually determined by forminjj; a test 
portion into a small tiiruipjular pyramid about five or six times as high as the 
length of its base, drying it, mounting it voitically in a suitable Inrnace, 
and tlion raising its temperatuic until the pyramid, or “cone ’’ as it is usually 
called, bends ovm- and its apex reaches the level of the base. According 
to Mellor, if the temperature is then C and the cone commenced to bend 
at C., the intcival to t,, represents tlie softening range and the mean 
temperature x may be taken as the softening point- throughout 
the heating a reducing atmo'^plicre should be avoided, and the temperature 
should be i.iiscd at the (arbitrary) rate of 10* C per minute.^ Mellor's 
definitions of the softening range and softening point of a clay aie not, 
however, commonly adopted, and ceramists almost invariably reg.iid C. 
as the softening point. Although the actual softening tompciatmc may be 
measiiied by means of a pyrometei, it is more customary to express the 
result by giving the nunib(‘r of the Setjrr cone that lias the same softening 
point when heated alongside the clay under examination Seger cones were 
originally composed of suitable mixtuies of washed Zettlitz kaolin, Knistiand 
felspar, Norw-egian ipiiitz, Carrara maiblo, and pure feme oxide; they were 
numbered from 1 to .‘50 in the order of inci easing softening points. Cramer 
and Hecht, by adding boric acid and lead ovide to the li^t of ingiedicnts, 
added the moie fusible cones, numbcied 01, 02, 0,3 . to 022 ; the softening 

points associated with the Seger cones then ranged fiom OOO" C (cone 022) 
to 1880" (cone .‘50) “ 

The bending points of Seger cones only coires]>ond to definite tempei'a- 
tures when the comb lions of heating aie those lor winch the cones wvie 
designed. Thus, while cone 10 can be observcsl to soften at about 1300* (’ 
w'hcn heated in a small gas muflle, yet when its ti'inpcratuic is veiy slowly 
raised in a huge kiln, taking about four days to icach its maximum tempera- 
ture, the same cone softens below 1200’ (k Ag.un, a fireclay that softened 
at cone .3.3 w'hcn heated in a standaid manner, only softened at cone 3.5 
when heated in a rapid injector furnace.-’ l<’or this loason Seger was always 
stroTiglv opposed to the use of a temperatuic scale in connection with his 


^ Sco Mclloi, VvUnfcd rapnh, ^ol i p 190 The Institiitnin of (Uh Kiigiuecis (Jcliiita 
the boftonng jioint ns the toiiijicratuic at w'hich the niigular odgob of tin* tost i)yianu(l hogin 
to loso their aiiguhuily 

111 1908 It was (Icudod to sii|)]>icss conos 21 to ‘if), since then softening ]»oints wore 
voiy close loccther, and to inodily the coinpositions of a iiiimhei of tlic otlici cones 'Hie 
luinibcis by which tlic new f'lgci cones .in desigi,.ilcd, and the sullcning tenijir'ialuics (in 
dcgiees C ) usually associated with tlicm, aic as t.»lIows (see i<pi a/isanJ , 1908 j) .^i(51) 
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3 Melloi, Collected Fapcis, vol. i. p 379. See also Zimmer, Trans. Amcr. Ccr. Soc.^ . 
1899, I, 23. 



CLAY AND CERAMICS. 


117 


cones. In goneial, the .'softL'inng teinporatuie of a clay is raised by iiici easing 
the rate of heating and it is deceased hy ineie.ismg the pres.siiie. 

It lias been prcMously mentioned that the roltnir of a law clay is no 
safe cnteiion of the coloni that the same clay (l{‘\elops when heated. In 
geneial it may he said that clays fiee fiom non biiin while, those con- 
taining or .‘1 per cent of non ovale bum to a bull coloured mass, and 
those containing 1 to n per cent or moie of ii<ui ovide yield a rial pioduct. 
The colour of a huincd clav dois not, howexer, d(‘pend ineiely upon the 
quantity of iron present, but is inllueneed liy the si/o of the paiLieles and the 
state of oxidation of the non, the piesence of other .substances, and the 
tempcratuie to which the clay has been heated When all the iron piescnt 
in the hurned cl.iy is in the feme stale, the tendency is lor the colour to pass 
from white through buff to red as the amount of non increases, the colour 
deepening as the tempeiature of tiling mm‘ 8 (\dcaieoiis clay.s only bum to a 
buff' colour even when much non is pie.scnt, the hh'aching action of the lime 
being gieatest when its peicenlage is three limes that of (he feme ovide; 
foi this leason chalk is often added to bi iek-ehi\s so as to pioduee wh to or 
bnrt-eolouied bricks. Tlie pie.scncc of titanic ovide is said to inleiisily, the 
colouiing power of the non. When the natine of the clay and the tiling 
conditions arc such (liat leirous oxide is pi od need in the mass, vili ilieation 
commences at a eoiiip.iiali\oly low tempeialine, with thi* pioduetion of 
a dark bluish-gioy oi black fusible alummosilieate eoiit.niimg non in the 
foirous state 

fn the huining of feiruginous clays it is iisiiall} ilesnahle to eonxeil all the 
non into the feme state befoie vili ilieation cominenee.s, in oidei that the clay 
sJiallbuiii to the desired colour and not xitiify to(» leadily To accomplish 
this it IS necessary that the burning shall take pl.ieo in an ovidising atmosphere ; 
any carbonaceous matter must bo eomjileteiy burned out at a tem])('iatiiro 
not exceeding about 000 \C, any feme oxide which has been lediieed by the 
ciiiiionaeeous matter must be ic-oxidisod, and any 'pyiites or siderite 
initially ])ieseiit must bo roasted to feme ovule. The complete oxidation of 
pyrites or siderite in a olay is a very dilheiilt t.isk, and clays containing pyntes 
seldom hum red, instead, a bull-coloured luoduct is obtained with black 
spots seatteied n regularly ovoi Us suifaee and IhiouirhoiU Us nia.-.s l*}iUes 
and Mdenle, howevei, arc larely fouiul in smf.ue clays, ownur to the fact that 
by weatiiemig they are coiiveited into limonit*' , tlir\ aie fiCipieiUly found 
in shales and hie clays, paitieularlv those associated with coal-seams ^ 

When the coiniilctc oxidation of the iron has been accomplished tho 
colour of the surface of the burned clay may be alleied, if desued, by 
cliangiTig the atinospheic in the kiln fiom an ovidising to a reducing one. 
The well-known vitrified »Stuffbid.Uiire “blue” bricks arc produced in 
this manner 

Tho vitrification of clay is usually as.sociated with a marked change in 
tho volume of the ina.ss ; almo.st invariably a shnnkaf/e ocenTs. The volume 
change actually observed is the net ic.sult of a number of such changes, 
which are due to different circumstances As soon a«» tlie fluxes commence 
to molt, the lupiid produced draws the urifused pai tides closer and closer 
together. The diminution in xolimc whicli results from thus depends upon 
the extent to which vitrification i.s allowed to proceed, and upon the porosity 


^ See Mellor, Tians Eng. Cer. Soc , 1907, 6 , 142 , 1908, 7, 112 ; Collected Papne, vol. L 
p. 122 , on pyntiferoua clays. 
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6f the clay just prcvioub to the commoncement of vitrification ; the latter 
depends upon tlio natiiro of the clay and the shrinkage it has already under- 
gone in the di ving period The \oliimo shrinkage due to the elimination 
of pores IS jiartially compensated for by certain expansions in voliiinf'. 
Practically all crystalline solids expand on fusion, and the fusion of such 
fluxes as mica and felspar is accordingly associated with an increase in 
volume amounting with felspar to about 6 per cent Polymoriihic change 
may occur in clays iich in free silica and may be associated with an increase 
in volume. This aiises from the fact that silica exists in quite a number 
of polymorphio foiins,' of which those stable above 800° 0 (tridynnte, 
christabolite, etc) have specific volumes some It percent gi eater than those 
stable at lower tomporatuies Thus, highly siliceous firc-biicks e\])and when 
fired The processes of solution which are operative throughout the period of 
vitrification also influence the volume of the mass, thouLdi only to a ^ery 
slight extent 

Clays vary very much wdth respect to the .unonnts of firc-shimlvago 
which they undergo Excessive shimkago leads to warping and ciacking 
in goods manufactured from them, and sliould be collected by the addition 
of suitable refractory materials (sec p. 121) 

Kinds of Clays. — Clays may bo divided into two gioups, reftarfon/ 
and non-} ft) arfori/ clays, according to whethci their softening tcmpeiatuics 
are above or below' a certain arbitrary point, foi which Mellor*-^ liroposes 
1500° C., while the Cerman ceramic <*hcmists^ and the Institution of (Jas 
Engineers adopt the softening jioint of Segoi cone 20 (about 1580° C ) 

Certain rcfiactoiy clays become white or cieam-coloiired when filed. Of 
these, the china-ciai/s and /iao/uis are th<‘ most impoitant , the other clays 
of this type are called pipeclays ‘ The other refractory clays, which become 
grey, bull', or led m colour, are known n'sfnerlays .Mellor- divwh's them 
into three grades (i ) low grade, softening betw'ecii 1500° and 1550°, (n ) 
medium grade, softening between 1650’ and 1750°; and (in) hiuh grade, 
softening above 1750° The Institution of Gas Engineers lecognises two 
grades (i ) No. 1, when no softening occurs below Seger cone 50 (1670°) , 
and (ii ) No 2, when softening occurs above cone 26 (1580°), but below 
cone 30 (1670°) 

The non-icfr.actory clays may be either (i.) calcareous or (li ) non- calcareous, 
according to whether they do or do not contain more than about 5 per 
cent, of admixed calcium carbonate The calcareous clays aie irsually 
termed malms (or mai'ls), and, as already explained, when burned in an 
oxidising atmosphere they yield cream, buff, or red products according 
to the amounts of ferric oxide and lime present. The non-calcareous 
clays vary greatly in their properties, from the valuable ball clays w'hich 
burn to a white or cream colour, to the more common buff and rod- 


1 See Vol. V. 

® Mellor, Collected Papers, vol. i. p. 190. 

^ Cranior, Tonind. Zeit.^ 1902, 26 , 1064. 

* Many ])ipc-clays are not refractory, this term being extensively employed for any 
white clay winch can bo used for wlntoning beltc, etc. If a pipe-clay is found to be 
refractoiy it is at once classified among the ehiiia-clays or ball-clays, as tliesc aie of gieater 
commeicml value 

The term “ jiipe-clay ” is also applied to clays suitable for the manufacture of drain-pipes. 
Snell clays are better consideied as fiicclays or ball-clays accoiding to their nature; they 
are distinguished from the true pipe-clays in not being white wlien dry. 
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burning clays used in tlio manufacture of bricks, tcira-cottas, ami common 
pottery waic 

C'u/fVfH’Of/.'! rlnt.s in which the calcium cai Inmate is present in a linely 
divided state, i e as chalk, are laigel} used for making ligiit-colouied liiieks. 
Clays nia\ he successfully used even though they contain *J-') pel cent, of 
chalk, proN iderl that the [uoduct is only slightl} Mtntied Caleaieous clays 
are also used m the maniifaetun' of I'oitland cement ' 

China- lai/'i and kaolins^ aie used in tlio nianiifaeture of clima, poici'Inm, 
stoneware, line faience, and ultiamaiine (s(‘e p l.'lo) , the\ aie also used for 
ueighting papei - Some account of th<*ir n.ituie has alrea«ly liecn given 
(p lot), and for further information tin* leadei must refei to special treatises. 
Impoitant deposits of elnna-elay are found in Coim\all and Di'von in 
Fiiigland ; kaolins occur at St \iiei\, ne.ii Limoges, in France, at Zi'Ltht/. in 
Jlohemia, in \.iiious paits of the I’lntod Stales, etc 

Jia// r/ai/s aie highly plastic traiispoited ela\s which hum to a white 
or cream colour. T1 k‘\ lieipienllN eont.ain .‘lor i pei cent , or even a huger 
propoition, of organic mattei,and hence m the raw stale the\ aio often ne.irly 
black in colour. In Fugland, the best deposits aie found in Devonshiie and 
Doisct The ball el, us form the basis of most oidm.iry pottery When 
caicfully .selectt'd theyaic extremely lino in tcxtnio and fri'c from gut, and 
do not (lillei vei> much in composition fiom commcieial china clay. 
chtt/R'' are infeiioi (jn.dities of ball-clay, containing latlicr more non and 
alkalies and <s)nsi(leialily moie silica 

FiKrlat /^, — The chief liiecla\s aie the ola}s and shales found in 
association with coal seams in the Ihitish Isles such clays am found ill 
large (ju.ninlies in Voithumhciland, niiiham, Yoikshiie, Nottinghamshire, 
DerbysliiK', StalVoidslnre (near Stoiirbiidge), Warwiekshiie, Sliiopshiro, 
Noilli and South Wales, Roulh-We.st Scotland (near (Jlasguw), and County 
Tyrone in InOaiid Thofirecla\s vaiy veiy much in composition, hut all are 
rclatiNcly low in Ilu\cs and to this fact they owe their rcfiactoimess. The 
sh.ili's occur aho\e the coal scams, the nou-laminated fireclays helow' them 
(undeiehiNs) Fireclays are generally grey or greenish grey in roloui, owing 
to tlio pieseijce of ’vegetable matter and non eomponnds (notaldy pyrites, 
wliieh is detrimental to the cpiality of goods made from the clajs) , they are 
compact, dense, and of vaiyiiig degiec.s of hardness By exposing them to 
the weather most fiieelays crumble arnl become easier to grind They are 
utilised ill the niamifacturc of fire-biuks and other ceramic pioiliicts of a 
refractory nature. 

Jinck-clai/a . — Although at times it li.as been coiuenicrit and economical 
to man u fact II re oidmary building bucks from fiieelays, yet the greater part 
of the bricks and tiles usi'd for coiisti uctional purpo'<es are made from 
common, non-refractory, [ilastic clays wdncli develop buff or red tints when 
fired. Coininon bucks in.iy be satisfactonly made from clays so poor in 
“ true clay ’’ as to be siMivcly worthy of being rankeil as clays Rnch clays, 
which are freipicntly Iciined hrirk earthu^ am usually rich in sand So long 
as the adventitious materials present in a clay are chielly sand and chalk, 
and provided that the clay is reasonably plastic and will cominence to vitrify 
at about 930“ C, with a voluint* contiaction not exceeding 25 pci cent, to 


» See Vol III. 

* See Kcimrigton, Bowock, and Davidson, J. Ind. Eng Chem., 1911, 3 , 6.50, 
■ See note 4, p. HR. 
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form a mass having a criishitig strength of at least 85 tons per square foot, 
it will generally be suitable for the manufacture of common bucks 

The clays iitiliserl in the preparation of ruofiHt/ ti/ea, atr/ntn final and 
decorative terrn-roffa, and roarte 2‘ottery win e are closely allied to those used 
for biickmakmg, Imt are decidedly finer in texture, particularly those used 
for making the teria-coLt.is When suitable clays are not found locally, it is 
sometimes convenient to puqiaie them fiom buck-clays by removing the 
coarsei particles by washing ami sedimentation Some fine-grained shales are 
also eveellent materials for use in the manulacturc of terra-cotta. 

Fnllet's (tilth is an eaithy deposit similar in chaiacter to clay It 
usually lias a ch.iiacti'nstic greenish-grey tint. Apart from its leady 
fusibility, it behaves like a china clay of unusually low plasticity Us 
inineralogieal composition is not yet elucidaterl,' and the leioguition of 
true fuller.s earth is not at all an easy mattiu. In Kngl.iud the best 
deposits occur in the nemhbouihood of Itmgate (Surrey) ami at Woburn 
Sands in IJcdfoidshiie The following d.ita rekite to the analv,5is ot a 
sample from neai lleigate — “ 

Constituent . SiO, TiO, A1,0, Fr,0, l-'cO MgO. CaO K,0 Na,() 

Aii-diicd 54 JS 0 37 14 07 o 08 0 37 3 14 83 0 19 0 32 12.06 5 84 

Diied Jit 110 C 62 09 0 42 17 12 6 97 0 IJ 3 59 3*21 0 22 0 36 6 o8 

Fuller’s eaith absoibs giease, and was oiignially employed for fulling or 
degreasing wool Us use foi this purpose has declined consideiably, but it is 
also used foi claiilyiiig and deodorising fats, oils, and greuM'S (pai ticularly 
laid-, castor-, coconut-, and cottonseeil oils), as a diluent for ultiamanne, 
and ill the nia'nulactuic of iiapci, toilet powder, and ceitain soaj)«<. 

Ceramics. Classification of Ceramic Products.^- -Km the ino- 
duction of ceramic w'aie <i m.itciial is requiied that shall be (i ) suthciently 
plastic when moist to be foimed into any dcsiied shape, and (ii ) dense and 
stone-like when “fired,” i.e. heated to a suHiciently high temper.ituie. Ac- 
cordingly, the foundation of cveiy piece of ceramic ware is om' or other of the 
'various uatuial clays, or a inixtuie of them. For many ])urposos, however, 
it IS impossible to use clay alone, and other suitable inatenals have to be 
added to it The clay may, for instance, be so plastic that it is unable to 
retain its form duiirig the piocess of diymg, oi it may become defoimed or 
develop cracks owing to excessive shrinkage duiiiig the same process To 
overcome these and other defects it is n<M*cssary to add hardening or open- 
ing materials to the cloys, and thereby modify the plasticity and shiinkage of 
the mass Again, in certain kinds of pottery it is essential that the filed 
body be impermeable to water, and it may then become necessaiy to add 
considerable quantities of suitable fusible materials or fluxes to the clay. 


' It amioars to bo composed mainly of one or tw’o of the mineials related today. 

* Analysis communicated by Ml A. G. Hopkins 

® The leader seeking fiirthei infoiraatioii on tho ceramic iiidiistiies is icfeired to the 
following woiks . Boilny, A Treatise on Ceramic Inditslnes, re\iscd tiandation by A. B. 
Searle (Scott, Gieenwood k Son, 1911), Giangn/* La ciranvque industtietle (Odutliier- 
Villurs, Pans, 1905), Searle, Modern B nek making (Jreeinvood & Son, 1911), 

Granger, Fahncation cl emploi des vuitdriaux el pimiuits rdfiactanes ntiliHis da,m V Industrie 
(Paris, i9IO); and the w'oiks of Thorpe, Muissan, and Le Chutoher cited on p 1U3 A 
fairly complete list of books on ceramics is given in Searle, Ulaywoikcr’s Handbook (G, 
Griffin k Co., Ltd., 1911). 
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Amndni^ly, so far as tlic picpaiation of pottery bodies is coiiceiiK'd, the 
materials used may lie dnided into tliiee gKMips, as follo\\s 
(i.) ritislK' Mtitntdh — The dilleieiiL \aiieties of clay 
(ii ) Ojitiiini/ or Jlitnhtnihi Mattnnh - -These iiiclu<le silica iii the foiiii of 
sand, iliiit or quait/, (<.<» [iievioiisly fiicd cla\ ), uiul a niiiMhor of 

other materials less freipiently used 

{m) FmihU' Mdttnnls oi /Vw.»t*.s* — Felspar, pegmatite, hone .ish (i.e. 
calcium ])hosphatu), aiirl eh, ilk aie the ihixes most commonly employed The 
felspar emplojcd is usually Nonse^ian oithoclase In Knjiland the pe^anatito 
used IS known as (’oniish stone oi china stone, it is a p.iiliallv kaolinised 
{^lanite which behaves in many lespccts like a mi\tnie of lels]»ai and (jiiartz. 
The hone ash isgeneially piepaied by calcining the bones ol oxen 

The nnnieioiis pioducts ol the cei.iinic inrhisti\ may be dnided into two 
classes, .iccoiding as the “bodies ’ aie (i ) ^Kimnihlr oi (ii ) imptouxeahle to 
water. The bodies in class (i ) aie poioiis, exhibit an eaith} fiacLiire, and 
may be sciaichcd by steel , those in class (ii ) are haid and sonoions, exhibit 
a vitieous or conchoidal fiactuie, and cannot be snatchcil by steel The 
liodies of class (ii ) may be divided into two subi l.isso>, (ii a) /toict/afus, which 
are white and tianshicent in piias's 2 oi .‘1 mm. thick, and (ii h) Rio a ivareSy 
which .lie <jp.i(pio and usually colouied, if only to a slight extent 

I’oious waie may cithei be used .is such for constructional oi decorative 
purpoM’s, i <! numcious kinds of binks and tiles, and teir.i cotta statuaiy, or 
It maybe covei<‘(l with a vitK'oiis einclojic known as a ///o.c oi an vnamd 
.accoiding as it is tiaiisp.iient oi oji.upie I*orous potteiy when glazed or 
enamelled is known as tho <<tt thruirair when the body is white and Asjiumce 
when the hodv is colouied, ,dt hough the enanndled faienci* is sometimes called 
mnjobto^ I'n^la/ed pcMous waie m.iv be dnided into two sii hi kisses, (i. a) 
those which lose then foiin or becomi' impeime.iblo .it a tempeiatiiie higher 
than that .it which haid poicelain is ined (r 1 101) (’ ) and (i h) those which 
do not The foi’iiiei m.iy be teimed /y</ using the woid in its literal 
sense (baked eailh), and the lattei, tixulaf/ iw ntntrtori/ tnuc Sxnufori/ imre 
IS chieily made hy gl.i/ing aiticles m.ide of liiecl.iN ami i.s, theiefoie, to be 
iiieludeil under liieclay waie. When it has a vitiitied hodv it should bo in- 
cluded under stoiicwaie. 

Impel nio.ible waie, like porous waie, ni.iv oi max not be gl.i/ed Stone- 
ware is often glazed or enamelled, and most jioii (d.iiiis aie gl.i/ed, although 
with the x.iiiety known as panan this is selduin tlie c i'>e 

The pieeeding elassifii alioii of emamie jiiodiiels is that jiroposed by 
Bonny and is siimmaiised in the following talde — 

I. Poiious Body, i'fkmkaiji.e to Wa'ieh 
{n) Not glazed tena-roWi 
[h) Not glazed Jhcchit/ f/oo<ls 

(c) Gl.ized Jinr faithenira)!', Muutari/ ware, J a leiirCj inajohca. 

If Body iMPKiiMEAimE to Watkii. 

(a) Ti.iiisliieeiit porcelain. 

(h) Opaipie stoneware 

Ceramic waie may he glar'd (oi enamelled) citlier (i ) hy drying the 
“body” until it is in a fit state to have the gla/e apiihed to its surface, 


^ This distinction hotween tlic uses (jf the D-ims “ f.uoncc” and “ inujDlica” was proposed 
by Burt {Trans. Amer. (Jer Hue., 1P04, 6, 109). 
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^ and then firing the mass, or (ii.) by filing the unglazed body, coating the 
' “biscuit” wait* thus obtained with the gla/e, and re-firmg. The two Ijrings 
■ are said to be c.iiiiod out in the “biscuit” oven and the “glosl” oven 
respcctivel\, and the sceoiul iiiiiig always occurs at a lower temperature 
than the first Tlie second procedure ls nearly always adopted, but hard 
porcelain, some sanitary w’aie, and ceitain kinds of stonewaie aic picpaied 
. by the first metliod. 

The poreolains, and particularly the hard porcelains, aie of particular 
interest and importance to tlio chemist. Being coveicd with liard glazes that 
are scarcely attacked by prolonged boiling with mineral acids or aqueous 
solutions of alkalies, and being c.ipablo of withstanding raiiid alterations of 
tempeiaturc, they aie invaluable for the manufacture of ciucibles, basins, etc. 

To the chemical manufacturer the coarser stonewaie is of cipial importance 
for the construction of cbomical plant, e//. coiuleiihcrs of mineral acids, 
evaporating pans, storage tanks, pumps, taps, etc 

I . TKKitA-coTrAS -In accoi dance with the classification given above, this , 
term includes such ai tides as ordinary, hollow, ornamental, vitiifierl, and 
light bricks, looling and paving tiles, blocks, diain-pipes, and common un- 
glazed potteiy ware (sucli as fiow'er-pots), in addition to the architectui-\l 
and decorative waics to which the tenn tena cotta is usually lestricted 
Such goods arc preiiansl fiom natuial clays, or suitable mixtures of clays, 

.with the occasional addition of chalk or sand (see ]) 119) laght bucks (or 
terra-cotta lumber) arc obtained by incorporating sawdust or elioppcd sti.iw 
with the clay used, the x'cgctable matti'r being, of eoiiise, biiiiit away in tlie 
firing piocess In older to reduce the tendency to ciack and to facilitate 
drying and hurnirig, tlie larger pieces of tcria-cotta aic usually made hollow', 
and in tho production of very large pieces a coaise poious day is generally 
used to form tho bulk of the mass, a finer terra-eotta clay heing then used 
to cover the face of it 

II . Fihfx'JjAY Goons. —These are distinguished fiom all other ceramic 
products by thoir icsistaiicc to beat, they iiidiule bricks and blocks used 
for lining furnaces, inufllo kilns, ciucibles, retorts, etc, cnudoyed in the 
metallurgical, glass and ceramic indiisti les Tin y arc prepared from fireclays, 
with tho addition, when necessaiy, of a siii table opening material such as 
grog (or chamotte) and silica, but as the latter reduces the refractoriness of 
a good fireclay it is preferable to use the former, winch consihts of liieday 
that has been fired at a high ternpeiatiire and ground to a coai-se powder. 

, The texture of the fired article m,iy also be more readily readjusted by the 
use of grog than silica On the Continent it is customary to use a large 
proportion of grog, often as much as tw'o parts of it to ono of raw day, in 
forming the firecky bofly , the maximum amount of grog permissible depends 
Von the plasticity of the day Tn England the use of grog in the manufacture 
of fireday goods is not so extensive 

The practical value of a fireclay article is not determined solely by its 
refractoriness, ?.«, its ability to be intensely heated without soften ing It 
tnay have to withstand sudden temperature changes, the action of flames or 
^olten corrosive slags, etc., according to the manner in which it is used, and 
these points have to be considered carefully when deciding on tho composition 
’ and the texture of the body Thus, suppose ifrebncks are reipiircd to with- 
'^$tand abrupt temperature changes. It is found that the more porous the 
texture the less will be the tendency of the bricks to crack, and that without 

addition of opening material raw fireclays do not fire to sufficiently porous 
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bricks. Accordingly, the fireclay used is mixed with the roqiiiaito amount 
of grog of a siiitalilo dogice of iliieiio^ss, the coai-hci the gmg and the 
greater the amount used the less the tendency of the hru-k to ciack ^\ith 
sudden changes in tempeiatnre For most pin poses, however, /irchiicks 
should have a close compact texture so as lo possess strength and resistance 
to abrasion. 

Fireclay goods rich in alinnina (#»//. hanvite bricks) are jnepaied liy open- 
ing u[) fiicclays with bauxite (p. 7.‘1), which, to be salisfacloi \ , must not 
contain more than 10 to 15 per eent of feme oxide 

Phi cclay goods extiemeh iich in silica, cy silica bucks and aciil linings 
foi steel fnniares, are piep.ired from ganistci lock, Dinas lock, or cnished 
silica. Ctunster is a iine-gi, lined siliceous gut, tlio composition of which 
appioxnnatcs to nine pails ol silica mixed wilh one of fiieelay , for us(‘ as a 
refiaetory inateiial it must lie very eaiefullx sehrled. 7b joc/c occurs in 
Wale.s in the Vale of Neath , it eontaiiis !)7 to OS per cent, of silica and is 
practically fiee fiom clay Ihn making bucks 1 to 2 per cent of lime 
IS addl'd to act as a ilux and tlii' wi't niixtine is jirossed into shape Ciuslied 
silica IS used on tin* ('ontiiient foi making silica bucks, as no natuial luaterial 
of the (piality of Dinas rock is axailablo. 

(Urlion H used as aii ojicniiig and he.il conducting inateiial in tlie pre- 
paiMtion of plumliago ciueibles Father giaphito or the deposits of carbon 
found in gas-retoits inax lie utilised, the pioportion used varii'S fiom 25 to 
50 per cent of the body inixtuie Pail of tho fireclay maybe in tlie form 
of fine grog Sometimes magnesia is added to tho body 

ill IC.XKTiiEN W'AHK and Faievchs — P'or common jiottery waie, arebitectiiral 
faiences such as gla/^ed bricks, tiles, etc, encaiistio tiles, x uses, dishes, and 
othi'T decoiative objects, tho body consists simjih of a [ilasiic clay w ith the 
addition of sand or giog if nceev-saiy The so called enamelled faiences, ey. 
stove tiles and imitation Mooiish, Italian, and Fieneh faiences, aii' piepaied 
from clays natiirally oi aitifiiiallx calcaiioiis the body u^ually cnni:iining 
fiom 15 to 20 ])ci cent of lime wlii'ii tiled The domestic white or creain- 
colonied oai theinvaie is jirepaied from a more coinjilex body, the basis of 
xvhich is ball-clay To whiti'ii the body elnna el.iv is added and to open it 
u]) Hint is used , as a flux felspar or (’ornisb stone is utilised To eliminato 
tho pale yellow ' 01 eieain colour fioin the tiied bodv a little oxide of cobalt 
is usually added (0 02 to 0 0«'' jtei cent). The following table shows how 
the relative propoitions of the ingiedieiits of an eai thenwaie body may be 
varied ■ — 


J Jail-clay 

50 47 

1.3 

31 

25 

25 

24 

21 

1 8 ])('! cent. 

China-clay 

10 21 

21 

.30 

.32 

25 

27 

28 

43 „ 

Pdint 

.S5 22 

23 

21 

.34 

40 

30 

,38 

-n „ 

Coiuish stone 

5 7 

10 

12 

8 

10 

13 

13 

15 


French siliceous faiences, which form admirable artistic wares, are prepared 
from a body containing cliiiia-clay 21, chalk 21, flint and frit 4 parts, the 
frit being piepared from l^mtaincbleaii sand 85, potassium carbonate 7 , 
sodium carbonate 3, and chalk 5 parts This body was introduced by the/ 
celebrated faience maiiiifacturA' Deck in endeavouring to rcpioduce Persian 
faiences 

iv Stoneware — P’inc English stoncw'are is prepared from a body similar 
in composition to that of earthenware, but the proportion of Cornish stone . 
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is increased and that of tlie flint decivasctl, as shown by the following 
examples : — 


Ball-clay . 

. 10 

25 25 

29 

45 

29 per cent. 

China-clay 

. 15 

12-5 20 

14 

15 

M 

Flint . 

. '20 

12*5 10 



>1 

Cornish stone 

55 

50 45 

57 

to 

71 

‘ Common ” stone vv are 

articles, e.g. 

paving 

tiles, 

drain-pipes, sanitary 


ware, and ('hemical stoneware, are piepared from stoneware or vitriflable cl.iys 
(c/. p. 115) These clays when burned form opaejue impermeable waie, 
usually of a gieyish, yellowish, or bluish shade. They must be selected with 
great care, as stoneware clays are voiy liable to twist and warp when 
heated. The number of sources of good stoneware clay is not veiy (‘onsider- 
able, the best of those found in England being the upper and less pure 
portions of the Devonshire and Doiset ball-clays and the more fusible fireclays 
Accordingly, stonew'are man u fact urois aie Irequently obliged to adapt other 
clays to their needs For tins puipose felspar or Cornish stone may be added 
to fireclay, or a refractory mateiial may be added lo a fusible non-calcareoiis 
clay containing clay orfelspai 

V. I’oiiOKiiAix --The porcelains may bo divided into two gioiqis, {<t) the 
hard poitrlnnis and (b) the sat't or tender jmn'dmns The h.iid poieelains are 
distinguished from the soft ones by their grcatei lesistance to heat \Vhen 
glazed, they arc usually made so that the very haul gla/e is hied w ith the 
body in one operation . 

The basis of all porcelain is china-clay or kaolin In oidei to obtain a 
more plastic body a litth' ball-clay may be added The inei eased plasticity, 
however, is only gained at the c\pens(‘ of the tianslueencv of tin* tiiu'^hed ware, 
and ball-clay IS thi'rofoie usually excluded in the pieparation ol hard porcelain 
table-ware and onianiental goods, but utilised in the manufactuie of jioicelain 
for making electrical insulators or lining ball-mills and other vessels 

In the preparation of hard jxneolain the opening inateiials used are quartz 
and biscuit poicelain, and the fluxes employed aic felspar, chalk, and gypsum 
From the point of view of the chemical composition of the pioducts, the hard 
porcelains may be divided into those rich iii alumina and very suitable foi 
chemical purjioses, and those rich in silica and well adapted lor the piepara- 
tion of ornamental ware The following bodies arc employed in the piepara- 
tion of a number of haul porcelains — 



Kaolin 

Felspar. 

Quaitz. 

Chalk 

Gypsum 

lilSi’Ult 

Porccliiin 

Sivrea porcelain . 

65 

1 16 . 

14 

6 



Berlin , , 

75 

1 





Meissen , , 

73 

1 or, 




2 

Vienna ,, 

72 

1 

12 


4 



Presumably, the kaolins used include certain amounts of quartz and felspar 
or mica (see p. 105) The three most important constituents of liard porcelain 
are kaolin, quaitz, and felspar, and according to Vogt ^ their relative proper 


* See aiticle “C^rannque ” iii Moissan, TraiU de chimie minitale (Pans, vol. iv , 1906). 
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tions should be kept within the following extremes kaolin Gf) to 35 , quartz, 
15 to 25 ; and felspar, 20 to 40 per cent. 

The only kind of soft porcelain of any industrial importance is that which 
is variously kiunsn as phosphatic ])oicclain, Knglish poicclain, bone china, or 
simply china , this chnui uare is almost exclusively produced in England Its 
special cliaracteiistic is the large propoition of bone ash (30 to 50 jicr cent.) 
which cntcis into the composition of the body, vhich is made chiefly from 
china-clay, Cornish stone, and bone ash The limits of composition aro very 
wide, the following may be cited as examples of suitable mixtures — 


China-clay 

25 

30 

22 

20 

34 per cent 

Cornish stoiic 

. 25 

35 

31 

30 

Felspar 

Bone ash 

. 50 

35 

47 

11 

iii ;; 

47 


P(i)inn is a soft porcelain which is usually ungla/ed The body consists 
essentially of china-clay and felspar, a xeiy huge pioportion of the latter 
being piesent, and in the propaialion of English jiaiian these appeal to be 
the only substances used, the body containing 33 to 37 per cent, ot i hina- 
clay Pdiian waie closely resembles tine marble 

Infoimation conccining the other vaiietiesof soft poicelain, e.(j Ernnch 
or fritted poiccl.iin, now Si-vres poicel.iin, and Segei’s porcelain, must be 
sought in special tieatises on ceramics (sec footnote on p 120) 

Preparation of Ceramic Bodies.— The vanous ingredients that go to 
foim the body of a cciamic prodin t must beiediiced to a state of fine diMsion, 
and thoiouglily and uniloijnly mixed. In the cases of cheap articles, e,g. 
bucks, wbeie a natural clay alone is requned, the preparation of the bodies 
IS compaiatixely simple, it being fiequently suHicicnt to crush oi remove stones 
and other haid foieign bodies and then jiass the wet clay thiough a pug-mill to 
seciiie the nccessai} uniioiinity Some clays are dried and ciushed to fine 
powder, all shales must be crushed and giound The greatest care in the 
prcpaiation of uniformly plastic bodies is natuially reqiiiicd where several 
(lifTeient ingredients lia\e to be ground and mixed, eg in the prejiaiation of 
tine earthenware, stoneware, and jioicelain In English fine eurthenwarey 
foi instance, the eliina-clay, ball-clay, china stone, and flint having all 
been reduced to the slate of fine powder suspended in water, the requisite 
quantities of tlic “s]ips”are luii into alaige \al and thoioughly agitated. The 
“slip’’ thus obtained is passed through line siexes to remove, coarse particles 
and run over peiinaricut oi cleotro-magnels lu order to remove particles of 
iron and magnetisable iron compounds It then passes to filter pressos, 
where most of the w\atcr is icmovcd by filtration through canvas, and, the 
plastic body being harder on the outside than on the inside, it is thoroughly 
beaten up or put throuLdi a pug-mill to render it uniform and free it from air- 
bubbles Instead of adopting the pi ec<*ding method of “slip-blendmg,” the 
raw rn.iterials arc sometimes giound and dried; the requisite quantities are 
then w'eighed out and mixed with water. 

Shaping Ceramic Articles.— Of the various methods by which the 
plastic body is formed into shape, the oldest and most general is that known 
as “ throwing on the wheel ” H, is used in the preparation of round articles 
from suflioiently plastic bodies. “ Turning ” on a lathe is also adopted, 
particularly W'hen an article must be made very accurate in shape and size* 
A process known as “ expression ” is used in the piuductioii of drain or sewer 
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pipes and building blocks, bricks and tiles. For this purpose, the plastic 
paste is forced thioiigh a die or template so that the issuing clay is of the 
desired bcctioii ; it is then cut into siiitahlc lengths The butter fpialitics of 
bricks and nilci locking roofing tiles arejargely made by picssing tho stiff 
plastic paste iii metal moulds by powerful pi esses, and the same process is 
sometimes applied to bucks and tiles which have been louglily moulded and 
allowed to become half dry “Dry pressing” is used in tho production of 
certain classes of ceramic ware, particularly tiles used for internal decora- 
tion , the body is dried, crushed to pow'der, damped until it adheies together 
loosely when s<pioe/cd, and filled into a metal mould, where a die is forced 
down upon it by hand or mechanical power. 

The simplest method of moulding a plastic body is that used in making 
bricks by hand with tho use of wooden moulds. More ornamental articles 
are formed by beating the plastic body into a thin cake or “ bat ” and 
pressing it into moulds made of ])lastcr of Paris. Frcfpicntly a mould has 
to be made in sections, which are fitted together and sti.ipped up, the joints 
being smoothed down so that the clay foims one piece inside tho mould. 
The clay dries a little on standing, contracts slightly, and detaches itself 
from tho mould, the portions of which arc then reiiKned. “Slip casting” 
is another method of moulding, paiticularly suited to feebly plastic bodies 
such as porcelains The “slip,” piepared of such a consistency that one 
pint weighs flO to 36 ounces, is poured into the plaster mould. Tlic iilaster 
absorbs tlic water from .the slip in contact with it and a coating of tho body 
is formed on tho inside of tho mould. ^Vhen tho coating is sulliciently tliick 
the remaining slip is ponied out anti the mould and its contents diu'd in a 
hot stove. By this process it is po.ssiblo to form teapots, jugs, etc , in one 
piece, instead of having to form them in parts and join these together 
afterwards. 

Tho ware having been founed, it is slowly dried in an open sbed,^ in a 
drying room, w'armcd by w.isto beat fiom the firing kilns, or by other suitable 
means. With some porcelain bodies, however, the final temperature readied 
in drying is much higher (700“ to 900") 

The w’are is then ready for firing, unless it is to be filed and glazed at one 
operation, when it must first receive its coating of glaze 

Firing. — Ceramic bodies are usually fired in kilns or ovons.^ Such 
products as bricks, tiles, drain-pipes, etc , may be exposed directly to the 
flames, but this is not as a mlo permissible with wares of better quality, 
which mii.'jt tliercforo bo packed in fireclay boxes, known as saggars. The 
ovens are huge biickw'ork cluimbcrs which may be likened to vertical 
reverberatory furnaces. Tlie saggars are stacked in the ovens in piles or 
“ bungs ’’ and the flames allow^ed to play directly on to them 

The final temperature reached in tho kiln and tho duration of the heating 
depend largely upon the nature of the ware required. Ordinary bricks, for 
instance, may only require lieatiug to about 950“ C. until vitrification, 
.produced mainly, as a rule, by tho fluxing action of lime, has so far advanced 
that the fired product has the necessary crushing strength. Hard porcelain, 


^ During the summer niuiilhb bricks and coaise*^'are jnay be dried in tho open air, if 
r protected from tlic sun and wind. 

® There are many types of kiln and oven, each suited to the pioduction of a particular 
kind of ware. A description of lliose is out of place in the pirsent volume, and the reader 
requiring further information is lefcired to the treatises mentioned in the footnote on p. 120. 
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on the other hand, must be fired at 1400* 0. or thereabouts and the vitrifica- 
tion pushed almost to the extiemu limit 

It lias already been inenfeioiicd (p. 121) that fired ceianiic bodies may be 
divided into two classes, the permeable and the impeimeable In piaeticc, 
however, these classes eaiiiiob be dnided iijjidly The fine Kn^lisli white 
wares, m paiticular, are dilliciilt to classify, the dislnictmu between some 
pieces of faience (eartlienwaic) and some of stonewaie being nlmo,sL impos- 
sible to define. Thus, the term “stonewaie" is fiecpiently npplieil to glazed 
pipes, tiles, and sanitary ware, the bodies of which aie decidedly porous 
though the ai tides as a whole aic imperme.il»le 

In discussing the changes that fako place in ceiamic bodies dining the 
firing process, it will only be necessary to lefer to fiicd.iy goods, wlnte ware 
and porcelain, the nature of the changes undergone by other bodies haMiig 
been suHicicntly indic.ited in de.vling with the action of heat on days (p. 1 Kl). 

In the piepaiation of firehrickn it is of great iinpoitance that thi‘ goods 
shall bo fired long enough and at a tempeiaturc high enough to pi event any 
niaiked aftoi-contraction when the bricks are in use Otheiwisi', under 
favouralile tcmperatuic conditions, contraction will continue at ,in apjneciablc 
rate and give use to movements in the inasoniy of the furnace and si tting. 
The choice of the fireclay should he ndlueiiccd hy the mavnnum tempeiaturc 
likely to occur in the fuinace in which the bucks aie to be used Allow mg a 
reasonable margin of safety, the most suitable softening tempeialiire for the 
clay may be obtained, and an iinneccssauly rcfiaciory clay should be i ejected 
as being likely to produce bricks too open m texture and coiiespondingly 
weak niechanieally Non-vitrifiable fireda}s, poor in fluxes, CAlnhit a 
maMinum eontiaelion on filing, this vanes witli tiic temperature and rate of 
heating. Wlicn the maximum contraction has been attained, siihseipiont 
heating at the same tomporaturc is attended by a slight expansion and 
a slight disintegration of the bnck\ suhseijucnt heating at a higher tom- 
peratuie, however, jirodiiees a fiiithei eontiaelion, which attains a ma\imiim 
as befoic 

\s fireclay gou<ls <ire manufaetuiod fur the purpose of withstanding 
high temperatuies for piolonged periods, a few w'ords on the nature of 
the changes they undergo on conlmued lieatiiig may he added The 
ultimate character assumed b} a fireclay liody is tbat of a iieaily bomo- 
geneous vitreous mass, and as tins condition is ajipioaclied the boiiy tends 
more and more to soften and lose its shajie. The longei it takes to realise 
this state of afl.uis, the longm* is the life of the fireclay body With pro- 
longed heating theic is usually associated a decrease in the crusliing 
strength of the body This appears to be due to a number of caiises, 
one of w'liich is the giadual loss of alkalies by volatilisation, followed by 
a slight dismtcgiation of llie “ cement mg ’ matrix which binds together the 
solid pai tides of the body - Another cause is the separatum of ciystals of 
sillimaiiitc from the vitreous matrix The late at winch this crystallisation * . 
proceeds doiilitless depends upon the pioximity of the temiioiature to the 
best crystallising tcmjieralnre of the malnx, as explained later in connec- 
tion with gkazes (]). l.'il) The crystallisation being irregular,^ and attended 



^ Mellor, Collected lapers^ 1914, vol i. pp. 309-315. 

* Cramer, Tonind Zeit., 1897, 2i, 288 , Mellor and Austin, TVans. Emj. Cer. iS'yc., 1907. 
6, 76, 129 , J. Soc Chem Ind , 1907, 26, 375, 380 

* Microscopic examination reveals the giowth of local putdicb of crystals. 
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by a contraction in volume, local strains are set up in the body and tend 
to rupture it.^ 

In the firiuf' of hard porcclani^ the felspar melts to a liquid which hinds 
together the particles of heated day and silica. As the heatnig is contiiiiied 
the solid particles are slowly attacked and dis.solvcd by the molten tlii\, the 
clay more readily than the free silica, at alxmt l.‘100“ felspai can dissolve 
about 20 per cent of einna-clay and Ih per cent of silica 'I'hc tiansliicoricy 
of the fired body may be thus explained , the body consists of a transparent 
glass in which paiticles of silica and heated (hiii.i-cliy aic embedded, forming 
a kind of framework in It Now', china-clay particles are permeated with 
minute capillary pores, and the [larticles left after the water of constitution 
has been expelled still letam this porous stiiicturc When these poies are 
filled up by a colourless linuid, china-clay or the material left after heating 
it to redness is found to be faiily tianspaient Tlie translnccncy of porcelain 
is thus a ri'siilt of the molten tliix penctiatmg into the capillary jioies of the 
heated clay at the same time as it is slowly dissolving the cla\, and the 
translnccncy increases in pioportion as the percentage of china-clay in the 
porcelain body is leducetl It is clear, howexer, that there must be at least 
a certain (minimum) propoition of clay present, to ensure that the body 
shall not collapse when filed owing to lack of suIIickmiI clay-siliea fi.imewoik. 

Patches of aciciilar crystals of sillimanitc frequently separate out from 
the glassy matrix when hard poicelain is fired, and, indeed, they seem to bo 
produced wln'iicver mixtures rich in clay and felspar are fired at or above 
1300* C.^ The rate at which the crystals develop depends upon the tem- 
perature,* and their production in healed porcelam ]>robably expliins the 
devolopmuiiL of brittleness in poieelam lubes which have b«‘en heated for 
a consideiable length of time. 

The slight bluish tint usually notn'e«l in porcelain is due to the body 
alwaNu containing tiaccsof iron and titanium and to the final heating and 
vitrifii'ation being earned out in a slightly reducing atmosphere The blue 
gives place to a vellow' tint wdicn an oxidising atmosphere is used 

Owing to the large amount of flux present and the extent to which 
vitrification is allow'ed to proceed, porcelain contiaels very considerably 
(about IT) per cent) in the tiling In soft pa nan poreeliin, where the 
percentage of flux is extremely large aird ojiening irr.ateiial rs omitted, the 
contraction is still greater Since p.irian is tiled .it a much lower lempeiatnic 
than haul porcelain’’ it does not show' weli-de\ eloped crystals ot Mliiinaiiite 
unless, as is sometimes the ease, a little lead glass is added to the parian 
body The introduction of the lead glass appeals to accelcrati' the rate at 
which the sillniianite crystals form 

From what has alieady been said the nature of the changes produced 
when hone china is fired may be infeired, cbpccially as powd(*u‘d bone asli 


* For lurlTicr rufoiiiKilioii coiiciMiimg the action ol IkmI on liinl.ivs sco Aldlm, Soc 
Chem. lud , 1907, 26, 376, Mi'llni and F J Austin, lor nt , Mdloi, CullnlLti ruf»r\ 
vol 1. pp .309, 316, 379 

, 2 Hiissak, Sprcch'^aiil, 18t'9, 22, 136, 164 , Mcllor, Tnin,\ Enq Cti. AV , IPOo, 5, 75 , 

J. Soc Chem Ind , 1907, 26, 376 , Mellu and Aiislrn, loc tit.\ llp.ilh iiiid Melliir, Tunis. 
Eng. Cer. Soc., 1907, 7j 80 ; Mcllor, Coll'dnl Paj^is, pp 19. 43, 98, 138 

® W, Veinadski, linlf Sor fianr. Mni , 1889, 12, 447, 1890, 13, llus'^ak, loc cit,\ 
Mellor, lor. cit , Heath and Melln, loc eit. 

* Sfle later, under Glazes, ]». 131. 

* Hard porcclarn is fired at l‘J60"-1400’’ C. , parrun at 1160"-1200“ C, 
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has a porous structure similar to that of china clay, and so assihth in ju'odiicing" 
the translucciicy of the china. Hone china ib iiicd at 1 2r)(l‘'- 1 300" ( ’ , and when 
correctly fired it approximates to a hoiiKJj^cncoiis Mtiified nia.ss inoir chfsoly 
than almost any other typo of pottoiy. The tenipoiatnie has to hi' ii'i^nlated 
with extreme care, as when o\oi heated, the china hcj^ins to lose its shape, 
phosphoiic oxide fumes are evolved, tho body acqniics a sponj^e like diameter 
anil “ bloats. ’’ The loss of phosphoni.s i.s due to the piescneo of cai bon or other 
reducing substaiico in tlie body or in the kiln at ccitam sl.igc.s of tho liring ' 

The changes which t-iko jilacc when lino :>foncuuirt’ and white eai flituirnre 
bodies aiG tired are siinilai to those whidi oeeur in tlic linng of liaid poicelain, 
but vitiilicatioii is not allowed to pioceed to the same extent. Less lliix is 
therefore leqnired and tlio firing tenqiei.ituio need not he so high Fine 
stoneware has the same geneial structuic as haul porcelain, hut it is not 
translucent Why tho suhslitution of hall day foi ehinada} should destioy 
the transluconcy of porcelain is not dermitd\ uiidei.slood, hut it is piohahle 
that owing to tho conqiaMtive ease wuth which the impiiie da\ soitens, the 
poles liecome closed up before the molten lln\ imii penctiale into them 

Glazes and Enamels. — (Ha/is and laiamd.s an* Mlieoiis eiiM'lopos 
used to cover ceianiic bodies, either foi detoialiNe pin poses or foi rendeiing 
them impeimeahle to liijuids The line|\ diMilnl nla/e ’ is s[>iead o\ei the 
suifaceof a coiamic body and the whole be.itcd until the gl.i/e mdls and 
foi ms a thin lilni eoveimg the suifaee eontllnlousl^ Tlie gl.ixed hod i is then 
allowed to cool, when tlie molten gl.i/e solidilicb lo an amoi plums “t;lnss ” 

\ ]>otteiy glaze should lie de.n, hiilliant, and thin, so as not to hide 
modelled woik , it should soften nioie ieadil\ than the lu.dy to whidi it is 
a|i[ihi'il, and while being s\iiiieienll\ Ms.ouswlieii iiiollrii not to inn oil an 
upnght obj< cl it should he mobile eiiounli lo How s.iiuoilily o\er the whole 
sinface, it shouM be \eiy lesistant (o attemjils to d(*\ lU if\ it, its codheient 
of cxp.niMoii should agiee with th.it of tlie body in oidei that it ma\ not dnp 
oil fnmi ednes or de\dop minute eiaeks (known as eia/es) upon the sin face, 
it should be unal tacked by watei and acid vapouis, and foi mlmai}, domestic, 
01 sanilai V ])uiposes it should be lesist.nit to dilute .iculs 

(d.i/es vaiy \eiy much in dieiMK al composition and in fusibility The} 
all eoiitam silica, alumina, and one oi luoie of the oxides of tin* alkali or 
alkaline eaith metals as necessaiy constilmnts Of the other basic oxides 
that max be picsent, lead oxule is the conimoncsl, while m.ni} ol the morn 
fiisihie glazes (’oiitain a sei’ond .icidn* oxide, namely bone oxide. Iu cei, nines 
the i i)mj)()'<itu)iis of glazes aie nsiiaily exjiiessed in a eouventional in, inner by 
iiidic.iliiig the relative iniml»eis of feinmla-weiLdits of the xaiious oxides 
jneseiit in such a mannei that the total niimbei of lormula-weiglits of the 
oxides of nni- and bi-valent inctaks is niiiLy, the following, for instance, 
represents a typical earthenware glaze — 


0 2r)(I\Xa).,O) 
O-.'lfiOaO “ ’ 
0'40bb0 ) 


0 2 A1,0, 


f ;3-0 SiO., 
1 0 1 H,o; 


The gcncial gla/e “foimulii” max be wiitleii ItO .dl O^ vltO,, when it 18 
found tliat y is alwa}.s greater ami .c is gcrieiall} less th.iii mnly " In gi'iieral, 
the 111010 bases of the KO grou[) tiiero are pie.sent, the imue fusible the 


' ^ B. Mooie, Tran'f Entj Cei Hoc,, 1905, 5, 37. 

* Or, inoie accurately, u niixtuie of substaiicps wlni h to niodiico the cla/e w'hcir 

heated. 

^ VOL. IV. 


9 



130 ■ 


AtUMimilM AND ITS CONOENEKS. 

glaze ; replacement of ailica by bone oxide alao increases the fusibility. The 
proportion of alumina present largely influences the piuperties of a glaze, 
particularly its viscoMty and its tend'ency to devitiify. The use of lead m 
glazes has been known ami practised for centuries. Lead glazes are \ery 
quick to mature and, by suitably choosing their compoMtions, may be adapted 
for use with a fairly wide range of pottery bodies. They aie iiot suitable, 
how’evei, lor use with hard jioieelain and once-fired stoiicw.iie, suite lead oxide 
volatilises ia])itlly at the filing temperature and, inoieoxei, tlu' gla/es mature 
*too rapidly. The use of le:itl gla/es is attended with ceitain iisks, owing to 
the poisonous natuie of lead compounds Lead- poisoning may ailocttlio work- 
people engaged in handling the glazes, or it may allect the puichascr of a 
load-gla/ed culinary article, unless the latter will resist the action of boiling, 
concentrated acetic acid. The latter evil, how'cvcr, has not aiisen in l^higland 

Gla/es containing only the constituents already mentioned ar(‘ coFourless 
and traiispaient They may be com ei Led into white, opaque gla/(*s or 
enameh by the addition of stannic oxide or yanc oxide in excess of lli.it ii‘(|uiied 
to satuiato the gl<i/e. The opacity is due to the presence of solid oxide of 
zinc or tin in sii.speiisioii in tin* gla/.c. Calcium phosphate is sometimes used 
as an opacifying agent. 

In gencMl, the glaze is pioduced upon the body by the inliMMction of a 
number of suitable raw' inateiials under the iiifluenco of heat. When all the 
raw matmial.s are insoluble in watci it is siiHicient to guild them together 
and apply the mixtuie to the bo<h, but when .some of the raw niateiials are 
soluble {e If. sodium caibonate, boiax) a dilleient procedure is adopted The 
soluble ingredients aie mixed with suitable piopoitioiis of tlu' others and tlio 
mixture meltivl into a gla.ss or fiit ^I’lie fiit is cooled, powdciod, and mixed 
xvith the ieni,undei of the insoluble ingn'dimits 

The glaze mixtuie may be applied to the body in x'aiious waxs Jt is 
commonly applied by “dip[)mg,” for which puipose the gl.i/e luixtuie i.s 
stirred up into a “sli])” with water and the article to be gla/ed then dipjied 
into it The body, owing to its poroMty, alxsorbs a coitain amount of water 
and a film of glaze mixture is deposited upon its suiface. Other methods 
include pouiiug a siispensioii of the gla/.e mixture oxer the body as it is 
rotated, aud spraying tlie suspeiisioii oxer it. 

A glaze' should be regarded a.s a .supereoolc«l, highly xiseous, and more or 
less imperfeetly mixed solution. Aeeoidmgly, altliough a glaze may be made 
up ill several difieiciit xvays so as to haxc the .same ultimate composition, it 
does not follow that the final glazes xvill “inatuie ’in the same way. The 
bchavioiii of the glaze vanes xvith the maimer iii wliieh it is compounded, 
the iihysieal condition of its constituents, and the eharae-ter of the body on 
which it is tirod.^ A gl.izc, being amorphoii.s, has no real nielting-jxmil, but 
becomes less aud less viscous as the tempoiatiiie riso.s. I'Aentuallv, it Ix'gms 
to lose its shape and begins to flow like a mobile liquid It is' diilicult to 
determine a piecise temperature at which this occurs, but a sm.ill tempeiaturo 
range may be located fairly readily and tho mean temperature spoken of a.s the 
softening temperature of the glaze The softening tempciatiii es of lead silicate 
glazes have been moa.sured by Mellor, Latimer, and Ifoldcroft,'-’ who found that 
the gradual addition of more and more silica rapidly lowers the softening-point 


1 Mellor, Tfimb. Eng. Cn Hoc., 1913, II, 1 , iWteted Papas, xo] i 339. 

3 Mellor, Lutimei, and Holdcruft, Trans. Eng. Ctr. Eoc., 1009, 9 , 126 , Mellor, Collected' 
Papeia, vol. 1 . p 247. 
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from 877“ C (the molting-pomt of litharge) to 526“ C. (for PbO + 0‘21SiO2) 
and then gradually increases it until with a composition coirespunding to 
PbO + 2’4 Si 02 the softcning-point is 661“. All the softening points are much 
lower than the coriespoiidiiig molting-points in the Hy.stem Iithaige silica. 

A pottery glaze, being a siiporcooleil solution, has a certain tendency to 
crystallise. It has boon found that the rate at which a supercooled lu[iiid 
crystallises increasos with the degree of supeicoolmg up to a certain [loint, 
when the further augmenting of the degieo of sujiei cooling lead.s to a .steady 
diminution of the rate of eiystallisation Hence in the cooling down of a 
glazed pottery body theio is a ccitani temperature at which crystalli.sation of 
the glaze, wbun once started, proceeds at its ina.viinum rate JSniee m g( mual 
it is not desired that the glaze sh.dl crystallise, the teniperaluie of the body 
should be hurried past this “best crystallhsing teinpeiatuie,” as all the tune 
it IS in the vicinity of it the body is in a kind of danger-zone ’ The length of 
time that the body is in the danger zone depends upjui tin' late of cooling and 
al.s() upon the rate at winch the velocity of ciystalli.sation dnnnn.slies as the 
teni|)cratuie changes above oi below the he.st ciystallising teinpei.itiiie 

A pottery gl.i/e cannot ho looked upon meiely as an eiuelopo for the body, 
the union being mueh nioie intimate All the lime that a gla/e is inatuuiig 
it IS attacking the surface of the body. \\ here the glaze and body meet 
tlieie is thus formed a concentratiHl solution of hofly in glaze, and owing to 
the high viscosity of tlii.s solution and of the glaze tin'} have not siitlieient 
time to become uniformly mixed. Cunsequently crystals somidimes sepiu'ato 
out from this intci veiling layer of solution on cooling, and cause the gla/e 
to peel olV from the liody 

\ltli(Migh the crystallisation of a glaze i.s nsiially a defe<*l, the pio 
duetmn of ci}stallnic gla/es can, in certain cncuiustance.s, he ntili.M'd for tlio 
purposes of potteiy decoiatiori. For instance, the nilcntional crystallisation 
of zinc silicate from glazes may he made to pioduce extieniely beautiful 
odects “Suiistone” and “a\eutuinic” gla/es aic other wcll-Known 
crystalline glazes, in which the ciystals which sepaiatc out are complex 
silicates .somewhat sinnlai to the micas'-^ 

Ifnrd poicehtin gla/es are rich in silica and aliiniiiia and comparatively 
poor m bases, tho only bases piesont aic ])olasli, soda, lime, and magnesia, 
At Sevres the haul jiorcelain glaze consists of pegmatite fiom St '^'iieix , in 
Austria and (ieiinaii\ mixtures of felspar, quail/, and kaolin au‘ used, with 
the addition, at tinie.s, of caleiuiii caihoiiate or sulphate The following aie 
some of tho compositions which have been puldishcfl — 


Felspar 

32-5 

... 

per cent 

Kaolin 

. 30 0 9 5 

.37 5 

37 0 

li)uartz 

. U 0 34-5 

50 0 

.37 0 

(dialk 

120 

12 5 

17 5 „ 

(Jypsum 

. 13 5 

.«• 


Bibcint poicelain . 

. 12 5 115 


S-5 

ChiiK’se and Japanese poir 

'(■lam glazes aiu 

also calcai 

enus Tilt ctaiijiosi 


tioiis of ])oicelcini glazes fall within the IimitH JiO U iHl.Oo : 3 5]tOo and 

RO 


^ S('0 iMcllor, Co/kcleJ I’ajifis, m»I. i np 0, 47 , <»i Tiuhh Eng t'n »SW., 1905, 4, 
49 ; J. Sue Client, hid , 1907, 26, 375 , Riddlw, Trans Ano-r. Ccr. Sue lOOrt, 8, SP.G 
* On crystalline glazes see W. Burton, J. 11. Sue. Arts, 1901, 49, 213 , 1904, 52, £95. 
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In the porcelains there is a very intimate relation between body and 
glaze, since they are filed together and arc similar in composition. This is 
not so iniK'h the ease \utli horn ckiwi gla/es, which arc applied to biscuit 
ware, usual 1\ cont.iin both lead and boric acid, and are veiy similar to the 
glazes applied iu jinc sfoneu'are and carthnuvare. The following are stated by 
Burton to be tyfiieal gl.i/c lecipes, (n) for china ware, {h) for ^\hlte earthen- 
ware, and (e) foi granite waic — 



(Hmr. 




Fnf 





(6) 

(C) 


(a) 

V>) 

(0 

Flit 

. 4:» 

m 

360 

noiiit . 

50 

48 

.80 

Flint 


60 

50 

(jlulk 

In 

38 

30 

('oinisli sloiK* 

ir. 

160 

50 

h’llut 

40 

02 

so 

While lead 

i.". 

120 

80 

(’oiniili sloiK* 

24 


100 





Fclspai 

.S3 


10 





S.).la 


26 

40 





Gliina cl.iy 


30 

30 


At tlie ple^ellt turn' mueli sttnitniy wme is covered with an oparpio white 
enamel* The enamel filed on the raw' body, as with hard pm'celaiii; it 
contains potash, lime, and zine ovide, but neilhei h'ad ovido nor boric 
acid, and is lendoied 0 }ki([ii(‘ with zinc or tin oxide- Alk.'iline calcareous 
gla/es (l)Mstol Lda/(‘s) aic us<‘d to covoi such common stoneware as pots and 
jars iiseil for holding food or chemicals Stonew'are pijies aie gl.i/ed hy a 
process kiiow’ii as “salting,’ in which the goods aie heated until tlu* icipiisito 
degree of \itntieation has been leacbed, after wliudi a (piantily of wi't salt is 
thrown into tin* fiiinaees The xajiour of sodium chloiide is liydiolyscd by 
the w’atcr vajioui and tlie alkali set free io»ie*s with tin* cImn on the. surfaces 
of the pipes to jnodure a haid, insoluble gla/c I'lie jnoeess of salt gla/ing 
is most successful with bodies iieh m siliea, the latio SiO, \K()g m.i} \ary 
between 1 h <uid 12 b, and in prai tiee it is usually about 8 * 

Common re<l aiifl blown potleiy waie may be glazed b\ coating the unfiied 
bodies w’ltli powdcied lithaige, red lead, or galena, and then filing. A brilliant 
lead gla/e is tlnis pi educed and its durability is increascfl if flint and ball- 
clay are also eonsfiLiicnts of the gla/e 

Decoration.— (k)louniig matters may be applied to tlie di'coiation of 
ccrainie piodiutN in \aiioiis ways, e y — 

(i ) 'I’hey may be introduced into the IkmIv, which then becomes a cohured 
body. It may oi may not be gla/ed 

(ii.) A coloured body may be used to cover .mother body, cithei for the 
sake of economy or for deem.iting tlic surface w’ltli paintings and with reliefs 
in ditl'eient eoloiiis or dip pauifiwj) The colouicd bodv may 

afterwaids be glazed if desired. 

(ill) Tiic colour may lie incorporated into the gla/e, wbicli becomes a 
coloured glaze. 

(iv.) Colouis may be allixcd to tho surface of the body ami the whole then 
glazed {under-glaze colouring). 

(v ) The colour may be mixed with a Ilux, ^e made into a vitiifiablc 
colour and applied to the surf.ice of the gla/c (ovrr-ghr.e or on glaze ndournig). 


^ Tins IS hu|)eii(ir to tin older yet still widrfy adoj)ted piactuouf to.itiiig tlio ailiclos 
with a body niadr* of white binning clay oi a niixluie similui to an curlhuiiw.iio body and 
then Bpiilyiiig the glaze to this line ct)ating. 

® See rinily, Tunis. Amci Ccr Sik' , 1902, 4 , 61 ; 1903, 5i 136. 

* See Bainngci, 7'ians Avici. Cer. iioc., 1902, 4 , 211, 
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objecr " bo ut.Ii.ed doeomtmg tl.e san.e 

colouiH arc as follows ^ miMmcs to piodiicc \aiioiiH 

;!tX“ '.7XXi‘,r;,tr' ‘ ■■ ■ 



IMlwcrnt of„n<-txi,|/"^"""“"''"'' ' ■'"''Jlt "'M.', ami 
7.W,/r„ ,i 5],,., nml nf nick..| ,a.,|, 

yT' 

fill T ^ titiiniiini (hnvuJp 

JUT ctMt o( fmif oxide aa.l \ per cent., of colult oxido 

b..s.?orii:e £: :v;r;;‘S.,:‘‘:i:"r' i" "■ 1 '- 

Wlut. cm,thouwa.os SahVlat i'll,,, full?! 

Ik I 1 1 


l^cd lead 

Flint 

CJalciiiiii lioratc 


JOOO paits 
lO(M) „ 

m 


•; r “7'"'' 

ua of .u..lt oj.i.i.? Af«. o.X!Tw!p ''woof ‘''''^ '7 

(leeji yHUnr, 70 to 200 of foinc ' ovkIb ,„,// ' o'lpiic ovidc, ,iw// to 
of .nanoancacMlioviflo, ,.(c ' ' 70 to 125 

to llud??,,!.? ‘i’';*?,;’! ■""'.‘'“I'* "f l>'’««'Wo 

otlioi ooloioH tbo bffcl,,.. ,„„st ,? 1,?.? ? I” I'or 

cilainol.s <»ti tlio other Ihiiifl uiil.i.M oi (iceoi uteri with 

dllheolt) »i i.r«Iue,ng mellow,’ ?„?rhll,'.. 

e.'ileaieous bodies a lor? mm 'l™<" !dH?.i !?'?,??, ""iwrfa With highly 
used to produr’c a white enamel -iiid il i ‘*‘"»‘'lo is 

Mutable mutroMls, r v. h!l ilntlm:,;! ,e ! M 
oupne oxirlo for gio..n, mangaiie.se rli.m.le f„V 

?::;i;r;;sZ‘'t,':o' !'t™ 

and be sufficiently infusible to remain still iimbw' i '' '*'* point 

the pieparatioi. of u.i.ler-glare eolouis a... as ' 

“'"tofnim.'"'" 'etiexirie, 3 nf ..halt oxide, .„d 

Darkbhie. \ of cobnlt oxide, 1 of chalk oud 1 ofilmt 
BZ-n^V- of ainmoniumaluin. 

12 of boils. “ ‘ "f oobalt oxide. 13 of olmik. ami 
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Each of the preceding colours is prepared by finely grinding and thoroughly 
mixing the constituents, strongly calcining the mixture, and rogi Hiding 
the product. 

On-yhize colours arc fusible coloured glasses which, when applied to an 
‘article already glazed and then refired, become fusc(l to the surface The 
basis of an on glazc colour is a readily fusible glass (termed a JIha) prop, nod 
by fusing together red lead, silica, and borax in suitable proportions. The 
following compositions aro largely used in Stallbidshiie (Burton) 



1 

Red lead .... 

64 5 

Silica . ... 

21 6 

Boiax(ciyst) 


Flint glass 

14 0 


2 

3 1 

4 

5 

r>o 0 

30 5 ' 

15-8 

40-0 

16 7 

41 7 1 

21 2 

20 0 

33 3 

27 8 i 

63 0 

40 0 


The powdcMvd flux is iriived with suitable colouring niatcricils, and then, 
in general, the mixtuie is fused, cooled, and re-ground to jiowder. The 
following compositions aie given by Buiton (fluxes as in preceding table) -- 

Vah yt'Uow • 1 1 of potasdinn mitunoiiute, of zinc cuibonalc, aixf 8o of IIiik No 1, 
Oiany^ 14 of jxil.tssiuni uiitiinoniito, 6 of feme o\itlc, .'ind sO of flii\ Xo 1, 

Uinmuyn oiaiufc ‘2r» of }cllo\\ ovnlo of niuniiiin and 7!) of flux Xo 1 
r<tlr (peu fi ot Cdhalt (Mibimatc, Jf of feme lijdioxido, and 9‘J of flux Xo 2 
StioiKf gym (> ol cobalt caibonate, Id of feme bydioxide, 13 of /me e.ubonato, and 
68 of flux No 2. 

atrong hUuk 10 ol cobalt caibonate, 10 of feme bydioxide, and 80 of flux Xo 2. 
Jndiuiii b'diJ, : 2r> of iiidiinn so'.qiii oxide and Tb ol flux Xo 2. 

UKxnyinn hlarl . ‘Jf) of black oxide of uianiuni and 75 of (Inx No 2 
Vale 1‘luc 6 oj coball c.ii Inmate, 14 of /me oxide, and 80 of flnx No 2. 
ainruf blue . 13 (jf cobalt caibonate, 26 of zinc caibonate, and 61 ol flux Xo 2 
Unt gnrn 20 ol coppci caibonate and 8<» ol flux No 2, 

VcUouish Inovn 10 of feme oxide, 15 of zinc caibonate, and 75 of flux Xo 2 
Jlrd 25 of feme oxkIp and 75 of flux Xo 2 ’ 

Jiose 12 of I’m (lie of Cassius, 1 of pici i(iitaled silver, and 87 of lliix Xo 3 
Piiyfi/c 7 ol Puiplo ol ('assuis, 3 <tf gold oxide, and 90 <il flux No. 4 ' 

J}liti.s}i-gy<fn 6 of cobalt caibonate, 19 of cliioinic oxide, and 75 of Ibix Xo 5 

liotli uii(ler-gla'/c and on-glaze colours are mixed witli lesmoiis media and 
applied by painting, stencilling, trnnsfciTing fiom punted or htliooiaplied 
patterns, or in a number of otlnT ways. 

Decoration with nutals is often applied to pottery. Child, pJatmiim, and 
silver are used for this purpose, usually for over glaze decur.ition (hdd, 
platinum, silver, copper, iron, or lead may also be applied to pottei \ m such a 
manner as to cover it with a very thin, iridescent, metallic lilm(luslie [lottery). 


* Foi the production of feme oxide led, ferrous buliihato is calcined at 400“-420° uiitd a 
biilhant red oxide is obtained , the oxide i.s tben sini[>]y mixed with the flux and not fused 
with It 

® The colours obtained from gold are carefully licatcd to suitable tonqieiatuies below a 
red beat 
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riUin..nM. luapaiHl In- a I.„.l «l,„|, may l,„ |..„|!„l ,1, tiaM.,'l..n.«to 
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'-«'y 

«.lnli'(.(l'an(l ln!'iyp,m,ll.'u!!|'‘^^ »-on 

.i,K.ir,ir;;:i::T ->■ - 

l!„cl ,, «t.ek „„n-yoIatiU 

(VI ) C.iilicii I’ino dial coal is uMiallv DM.fprr^vl . i > a., 
by pitch, lai. colophony, etc ‘ ^ ^ at tunes 


I' 01 ruiiliii I ii f ()i iiiiil ii III on nil 1,1111 II nil v„>ii /« 1 1 ,11.,] i> 1 

ti.in.] I,y [ t.I ' mlo f-oloi 
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(hf.ii^Miuns k C.i, IJIIJ lun; ^ ' M.iisMi’n -^Vphnf CliemthtT 

nninn, Aia- ^KM„khnt, ls73, ami IJiiinsiIuk Qnn 

to th, ( hciiii'stiy of Paints (Liiii<;inan'i k (Jo Pnoi ’ ’ Infrodiutw 

Ki.ii.iotli, Jnn Chim , 1797, 21, 150 ’ 

57. Othoranaly.csa,ocitcd by Guckclborge, 

voi n I). 111. Scoalso rln- f .lIowimrpL.it ^ i ’ rhimu wio/f'ra/tj (igosj 

Knhhnann, Jnn. Chun Phy[ IH ^^4o k r 8S 

B«u..l,.., 1866, y,, 285; Ann. ,Ln ihy',.. 185^ [m f’aS 64“' 
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Throe chief varieties of ultramarine lilue arc found in commerce, viz. : — 

(i ) Olauhn' snft nr snlphnle ^dtimnarine^ the palest variety, which 
possesses small coven iiir jiower 

(li ) Hmla iiltramm nv poor m sulphur, a pure blue variety, darker and 
possessed of more eo\eriii‘^ [lowei than (i ) 

(iii.) Soda ultramarine rich in sulphur and silica, the darkest vaiiety. It 
posse.sses considerable “body’’ and is more resistant toi\ards alum tlian (i.) 
or (ii ). 

The first stop in the manufactuie consists in the powfleiiuf' and niixin{j; 
of the int^redients The most suitable jiropoitions are ^iven by Zerr and 
lluboncamp as follows -- 


Ulliuni.iioK' bliu' 


Chill i c](iy 
Soda 

Glflubpi salt 
Carbon 

Silica (KicM'l^oilii ) 
Siilphiii . 


The second Hte]j consists in loasting the mi.\cd materials Tbi.s is earned 
out either by (a) the diieet oi {h) the indirect process All ulliam.iiines nch 
in silica anil a ceit.un amount of the other \aiietiCf> poori’i in siIhm aie made 
by the former mi'tliod , but the o^rcater pait of the iiltiamaime j>oor in .'•iliea 
isprep.ued by the l.iltei method, in winch ullraniaime uieen is jormed as 
an intermediate jiiofluct Hotli these aic dry pioei'sses , wet methods liavc 
been described and patented, but do not seem to Jiave been adopted on a 
lart;o scale ^ 

Jn the direct process the roasting is cairied out in such a maniii'r that 
air lias access to the mateiial (’haiaes .imounting to as mmh as o tons 
may be treated by tins jnoi e.'^-, tlie lieating being eaiiicfl out in sloiu* tioiigbs, 
20 feet long and 10 feet wide, jdaced in a fuinaee in such a mannei tliat they 
can bo leached on all sides liy tlm llames Tlic troughs aie tilhsl to a tle[)th 
of 12 to 16 inches, covered with fiiebiicks, and heated lor .ihoiit Ihioe weeks - 
It has been pioposed to liasten the prepai.ilion In adding sodium ehloiate as 
an oxidising agent ^ 

In the indnect pioeess the mateiial is filled into cruoihle.s, the lids aie fixed 
on wuth a nmitar of clay, the eiiieihles stacked m layers in a fuinaee and 
heated, slowly at first, eventually to a biiglit red heat J>y this means air is 
oxcludcd fiom the m.iss and (freen idfiamnnne produced The crucibles 
are opened wduai the furnace has completely cooled down, and the gieeii 
product IS removed aiul powdered It is then conveited into blue nltra- 
piarine by roa.sting it with sulplnir The juocess is cairu'd out in non or fire- 
clay retorts, either (i ) by intiodncing thegieen iillrainanne, together with the 


Pulp, ()l (1 ) 

' Modiuni, or (11 ) ' 

1 D.iik, OI (m ) 

100 

! 100 ! 

100 

9 

: 100 

103 

120 

0 1 

0 

2,'> 

! 12 

4 

0 

i 0 1 

16 

16 

60 1 

117 


* Knapp, J. piakf, Chnn., lS8fi, pi ], 32, 375 , fii.], 38, 48; Arhoi, Enj 
' 9200 (ISS'O) ; M‘lvor and CnuckslninK, En<i Pat , 19,411(1803), 

® Nuniproiis special fill iiaces lia\(! hpcn pateiitp<l Enq Pat.^ lS,.''i27 (18P0); Fr. Pat.^ 
;899.211 ; 400,1(13; 403,247; 407,089 (1908), 410, 0,-.6 (1909) ; 425, 6'<5 (1910). 

* Fr. Pat , 391,779 , 391,780 (1908). 
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requisite aiiionnt of sulphur,^ into a red-hot retoit and ralvinc: tlio mass over 
at iritcr\als until tlie sulplmr lias buinl auav, or (ii ) 1)\ heating the jrreen 
ultramaniie .iiul ^ladually addinjj the sulphur, each [muIkui of ^\hl(.h is 
!lllo^^ed to I'liin a^\!l^ hi'toio the m*\t is aiMed 

The eiMilc ultMiiianiH' blue, ho\\e\cr it has been ])iep.iie<l, is <'\tiaeted 
with hot wall') to ii'mo\e solul»Ie silfs, sodium suit>hati‘ Ihmuu leeoveit'd 
from the w.ishm^s The blue is, while wet, mound to the le.jiii^ite degree 
of (m('n('‘'S and sep.ii.ited into paitieles (»f dilleient si/Os l>\ !e\igation. 
'Die \aiious giades aic* then diied in slu'ds, on diMiiu hc.iithv, in special 
diving looms, 01 b} an\ olhei eoinenient method Km.dly, the<iii( d pioducta 
aie eiii^hed and sifleil The ela'aper biands ol iilliamaime aie usually 
adulteiated with 10- of) })ei I'ent of gypsum or othei cheap tiller. 

Accoidmi: to Siiiefu ” ultiamanno ami analogous bodie-. ma\ be pie[)ared 
by treating /eolUes or simil.ii cfmipounds with sulphides, liMliosulphides, 
polysulphide> or owsulplmh's of the alKali or alkaline eaith metals 

Properties. Idtiamanne blue crvstallises in tin* cubic sNstem, iso- 
morphoMS with the miiKuals sodalite and haiiMiite The commen i d aiticlo 
consists of a biiLilit, a/uioblue, impalpal)le powdei, in'>oluble in water, 
niinuto ]iai deles lemain susjiemhd in that lapiid loi a long time, the whole 
resembling \eiy closely an moiganic suspension colloid ‘ It withstands a 
led heat f.iiily well, but loses some* of its biillianc} and tin O'! somewhat 
greenish in coloiii W'heii heated with watei iindei picssiin' to litH) .lOO" 
it leaves a coloiiiless lesidue iie<* fiom sulphui, and sodium suljihide [>asses 
into solution It also losc's its sulphur when heatnl with meicuiK osido.® 
It IS stalde tow.nds alkalies, but is leadilN decomposed b\ dilute mnieial acids 
with the piecniitation of sulphui and the e\a>luhon of h\ diogen Huli)hidB *' 
It IS accoidmglv M'l v icmaTkable tint cold, conci ntiatisl (oi fiimmc) suljihiiric 
acid, or a mixloio of acetic anlndiidc aa'l glai i.d acetic ai id, has no action 
upon it ’ ritiamaimc posM-ssc's hvdianlic piopeitics and incK'asch the bind- 
ing powi'r of c('mciit ^ 


’ SoM-n }toi cpiit willi soda iru'cii .iiid 1i ii ]ti i < • ut with (M luhei salt giooii 

- Koi luitlii’i (let Ills ( oijis iiiiiig ilii* in.imil It lull' of ulli.uiiainK*, ht‘f K (hniint, Jnn. 
Chm rhi/H , li)78, fv ], 13, lirj , Hiwliiis, ,/ ,s>u I'hfin Iinl , IsM?, 6, 7!*1 , l'i< liot and 
(liangn'i, ilud., 38S8, 7, .'08, Koluig, Chun Ait , ISSJ), 7, .'ill? , d Wmiilci, e c/ . 1890, 
14, 1110 , .h.iiliiii, Zeitsfh (di'inr Chun , IS'i.!, 6 , 0‘^4, and llif wmkscitMl on [i Ma 

* Sii'ger, n I! /', Xt. 314 (T'Cilt). 

* Kltcll, ]iu , 1SS3, 16, 2tJ‘< 

’’ Clialiiie ,iml Jawullois, Conifif. luni , lilOd, 143, JL’J. 

'• As a iiiiitici (d lilt t, iieth Mil|»liMi ilit'Milf .mil li}ihi.gcii siiljilmlc mo twolvoil The 
lattii, lii)wc\ei, i.s in oxciss, iuid pail i>( il i-. 11 fit u|i 111 tit (•tiiiipti-ui;; llif snlpliui dioxnle. 
In llif pifSPiiff ol an iiisfiiilf 01 iipntnmiin -.ill lie li\tlmgfn sidphidf iniiv I'l’ u P'l up in 
foinuiig aisfiiuiua m paiimnnn siilplnilf, ioid ilic fMiluiionot Milpliiii dieMilc in ly tlirn he 
olisiived. iSoo Uiickflbeigi 1, Jvvnh’n, l.s.sj, 213, l.sj 

According to I \smn\c\ [Znf'nh ano,'/ Chun, 77, ’Joii), nliraniiiniie blue losCB 

one-foiulh of its snlplnu as lixiiiogin sulpliulf win n ImmIhI with 'hliitf liyilioclilniif inid. 
This IS jicculmi, liowmpi, to llip s.iiiiplv’ nt iiltoiin oiiip In* ii-pil Olln r s imjilps give 
diffeipnt le.suUa , e.a siiniplo 7 uui'lfd in lln* l.iblp nn p ]31» bisl ■trip-lliiid ot ils sulphur 
U8 hydroi^en sulpliidr, and two-thinls ef Ibis li}<htigi'n snlnliidf wai ns- il np in dn mtipwiing 
the suljduir dioAnIp sinMiltancou‘?ly jnoilupcd (15. t’amplnll, pij\!ito connnunicixlion ; see 
also Onckclbeigcr, loc t li \ 

’ K. A. Hofnnoin and Mot/fiif i, /;<? . lOCP, 38 2182 , L. Wuiidpr, annrn 

77, 209 'When lie.ilpd wilh toin fiiliatftJ snlplmm ami ii whih iiMdiic is nltiniatply 
obtained, the blue coltnu going place siim*ssi \ 1 1 \ tt» blufldaik, giefnisli, tda' k, pnr])]e, 
grey, giceni.sh-gif}, and wliitc Tlio purple ni.ilciial agrees in its coinpositniu uinl general 
pronertiee with vioht ultranvmne (H Caniphi-ll piivate coinnuuucatnin) 

* Rohland, Zeitsch. angew. Cliem., 1904, 17, o09. 



1S8 ‘ ' ALUMINIUM AND ITS CONGENERS. 

Ultramarine blue loses part of its sulphur when heated in hydrogen to 
450’, but still retains its blue colour When heated to in a btream of 
chlorine, hydiogon chloiide, and steam, it is transformed into violctultramariney'^ 
which is traiisfoimed into red ultnwiarine when heated to l.'10“-150'’ in n stream 
of hydrogen chloride “ lUuo ultramarine may bo diieetly transformed into 
the red subbtance by heating to 400" in nitric oxide.^ The properties of the 
red ,and Molct ultiainarincs have been examined by Ij. Wunder. Each is 
produced from the blue by loss of sodium and sulphur; in the conversion 
from blue into red, half of each of these constituents is removed Both the 
red and the violet products arc decomposed by hydrochloric acid with the 
evolution of sulphur dioxide^ and the separation of suljihur, and both lose 
a furthei rpiantity of bulphur when he-ated m hydiogen, leaving, however, 
bright blue lesidues. 

(dtramaiine blue is converted into a solid, with the loss of sodium 
and sul[)hiii, when heated under pressuie to 150" with a soluhon of 
phosphorus in carbon tetrachloiide The product loses water and sulphur 
dioxide when heated, the lesidue becoming green and then blue. With 
hydrochloiic .icid it evolves hydrogen sulphide, and when treated with sodium 
hypobiomite it tuins bright blue 

Wh('n commeicial ultramarine blue is heated to 120' -110’ under 
pressure with a([ucous silver nitrate for fifteen hours, it is corn cited into 
a dark yellow sdver ultraynarine^ silver nitiite and nitric oxide also being 
produced, but not silver sulphide/' The silver ultiamaiine is ])roduced by 
the replacement of sodium in the blue ultramaiinc by siher, the complete 
substitution, howevei, being dillicult to cflect. By heating silver ultia* 
marine with molten metallic chloiides it is possible to replace the siher by 
numerous other metals. The prcpai'ation of meicuious, cadmium, lead, 
lithium, and calcium ultramarines has also bemi eflectcfl directly from ultra- 
marine 1)1 uc by heating under pressure witli acpieous salt solutions/ The 
replacement of the sodium by the tervalent metals aluminium, ehrommm, 
and iron cannot, liowexcr, bo thus etl’eeted, the ultramarine being decomposed, 
but L. Wunder considers that aluminium, ehiommm, and iron nltramarin(‘s 
are produced as intei mediate products which arc \cry unstable and decompose 
rapidly It has been known for years that a solution of alum slowly 
decolorises ultramaiinc blue, and the change has been attributed to the 
hydrolysis of the salt and consequent presence <»f fiee acid m tin' solution. 
In coiinccTion with tlic various ultramarines of difleient metals, it is possibly 
of considciablc significance that only those of the alkali inclals arc Iduo in 

1 J. Wimdor, Ikr , 1876, 9 , 295; Chem Zeif., 1890, 14 , 1119, 1906, 30 , 61, 78; 
1911, 35 , 221 , L. WundiT, Zeihch. anorg Chem , 1912, 209 ; ef. Zeltm'i, lit r , 1875, 

8 , 259, 853 

*1. Winidci, loc. cit. , rf Zcttnoi, lor. <if ; Solicflor, llrr , 1873,6, If.lO ; llucdiiipr, 
Dingl. pob/. J., 1879, 231 , 446 , /.V? , 1S74, 7 , 99u , H Ilonmaiin, Jnnahn. 1878, 194 , 1 . 

• L. Wundei, he. cit 

* Cf. footnote 6 on p. 137. 

“ L. Wunder, Zeilsih. anorg Chem , 1912, 77 , 209 , Chem, Zeit., 1913. 37 , 1017. For 
other white ultraniaiiiie.s, soo Philipp, Jier., 1876, 9i 1109, 1877, lO, 1227 ; Anniilni, 1876, 
184 , 132; 1878, 191 , 1 , lloltingor, Anmlen, 1876, 182 , 311 , R Ilolliimnii, ihal , 1878, 

104, 1 

® Unger, IHngl. poly J.^ 1874, 212 , 232, IleunfHnn, Ber., 1877, lO, 991, 1315, 1888; 
1879, 12 , 60, 784 ; Annalen, 1879, 199 , 253 ; 1880, 201 , 262 , 203 , 174 , Philipp, loc. cit. \ 
de Forciaiid and Balliii, Bull. Sue clinn., 1878, [ 11 ], 3P, 112 , L’habiu* an<l Levallois, 
Compt rend., 1906, 143 , 222 . 

“ ’ L.*WundeT, Zeitsch. anvrg. Chem , 1912, 77 , *209. 
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colour' Thus, the maugauc.se compound ts gioy, the silver coiupoiiud is 
yellow, etc 

AVIhmi silver ultiiiui.mue is heated under piessnic with a suitahle organic 
iodide, the silver is icplaced by an oiganic i.idiele In this uiauuei ethyl, 
amyl, ben/vl, tind pheu\l wltrainannes Inneboen ])icpau'd - Then fi)iuiatioii 
IS not nieiely a (jiiestioii of substituting sihcr for an oiganic r.ulule, since 
part of tlie suljihur is also ieuio\ed. 'Du* organic ultianiaiines do not 
evohe hydi<ig(“u sulphide when 1 1 cat od w ith cold lndro<*hloric acid. When 
heated with sodiuiu chloiide, howcxcu, they give ii.se to a liliie sodium 
ultianiaime hen heated alone, organic sulplmhs (ri/ eth}l.sulplii(le) are 
evolved 

(r 7 rrn n//)in) 7 frnne has been already mentioned a.s an intermediate product 
111 the manufactme of the commercial blue vaiiety In the cimvcision of 
the gicen into the hliu', sodium is rcmo\ed but sulphur is iiol added on; 
the etiineision may he elleetcd by heating in a sealed tube with water ^ 

When iiltiamanni* led is IkmIcsI out of eontact with an it loses a little 
111 weiiihl and is conveuted into a blue pi(»duet , like the commeicial bine, 
lait unlike tlic i(‘d ultiaiiiaiuie, this new blue piodin*! cnolves h\flrogcn 
sulpliidc when lieat('d w'llli liylioehhu le aeid It dilleis fioin the eom- 
iiK’Kial Idue in tli.at it is not ledueed to a winte jnoduct by tin' net ion of 
pho'ijilionis, and is not tiansfoimed into a Molet piodiiet by heal mg to 170 * 
-iJ-iO in ehhnme and bvdiogen ehloridej 

Use s.- O^iTiir to lU bnlbaney as a bod\ eolour and liigb eolouring 
power, uTtirimm'ine bliu* is laii;el\ used m tin* pieparalion of lilue jiaints 
in calico ami wall pap(‘r iirintintr, for eolouimi; wiitmg p.ipei ami printing 
ink, blueing mottled soaji, etc It is also of \alue as a wlutening agmil, cor* 
i( cling the }cllow tint of pajier, e<dton and linen good.s, whit(‘wash, soap, 
st.neh, suuai, ei( ft akso finds con.sidei.'.hle application m the imnmfaetnro 
of l.UMidiy “ bine '' 

Constitution. — It has lasm alieady mentioned fp IIIC) lh.it several 
glades of nlti.im, lime blue are inanul.ietnied, difleiing consideiably in tbeir 
sihea ami suliihnr content Nnineions amilvses of nllianiarme blue liave 
been [iiiblislicd , a selection i.s Loven m th<‘ following t.iblc - 
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* I)e Foiciinid, ^'oc. (/lu/i., I.**??*, fii ] 31, 161 , L ‘Wumk-i, /lir ci/ 

* Do Fok 1.111(1, f’o/iip/. rend, 1.''79, 88, HO, ]]uU Soe cinm , 1879, [11], 31, 161; 

CliulirK’ and I.pviillois hr (U , rf J) Jf 7*.^ No. 121, o44 (1909). 

rhdij.p, Jlei , 187f, 9, 110'- • 

* L Wmider, Zeit^ch nvnnj C/icm , 191.3,79, 313 

* .SanijiU-s 1 and 2 annlysi-d lij K. lloilni.iiiii (^l/ina/en, 187H, 194, 1), sample 3 by 

Pariy and Costo (77w Chtnushii t-/ 1902), oaniplp 4 is llio iiuan of several 

analyses by Guckelbergei {AhnaUn, 1882, 213, 182), samples 6 and 6 by L. Wunder 
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ALiUMiJNlUM AiNU illS UUMUJiiM JKiKS. 


ft is clear that difFcront samples of ultramarine blue may have widely diffurent 
3ompositions. *\ceording to Ij. Wundcr, the substance always contains a littlo 
“water of constitulion ’’ 

Owinf' to the hie:hly complex chemical constitution of the iilt^amanni's 
ind their derivatives, eliemists aio not yet agreed as to the chemical foimulie 
to be assi'jfiicd to them It is quite possible that the commercial ultrii- 
ranrmos coiitain a number of closely iclated compounds in isomoiphous 
mixture. 'J'lie ullramaiines aie probabl}' sodium aliimmosibeates modified in 
some inaiinei by the ])i osence of sulphur in the molecules Vanous svij'gestions 
IS to the jioMtion of the Milphui in an ultramarine molecule have been put 
Forward , thus, \Vunder le^aids the sulphur libeiated in tlie foim of hydioLi;en 
julphido hy acids as bcin^^ present in the •^roiipnur > A1 -S-Na — 

>Al-S-Na + 2IT(n = > Aini + !!,« + NaCl, 

while groii|)in{^s such as >Si(ONa)(S()N'a) lead to deposition of sulpliur when 
the moleeiiliMS biokcn up by acids — 

/) Xa J).ll 

-» >Si<^ -» >kSi o+ii«o + »s. 

S.ONa 

W. and 1) Asch consider that thcie is an atom of oxsiicn between tlio 
aliimiriiuni and the sul[)hur, hut otlieiwise tlie couespondui^' pait of their 
formula is similai to that of W under 

For fuitlier infoimation on tho constitution of iiltiamarme tlie reader is 
referred to the litoiature ^ 

The Colour of Ultramarine.-- Tlio cause of the beautiful colour that 
ultramaniio possc.sses is at pn\scnt unknown- Two mcw.s aie mliocated 
first, that tiioro is a delimle cln'mic.il indivitlual (or series of alin'd 
individuals) which constitutes the basis of ulliamaiinc and has a blue 
colour, and secondly, Unit tlie colour is inoro or less an accidental circum- 
stance. On the seciuid vn‘W^, it is eonsidered that the basis of ullramarine 


' Zeiisch. anoj g (^)h'm , 1912, 77 , ^ sainplo 7 In li Campbell (pinate eoiiimnniration), 

i^umeroiiM other unalyv SHI e (pinirrl hy Cuckelborffcrf^flc. rit ), r]nhj»]>( 1876 , 184 , 
182; 1878, 191 , 1), [i/ml , IS76, 182 , 311), Jloiuiifuin {tbnf , J879, 199 , '2^3, 

1880, 201, 2 o* 2 ), Jonhiii {Zeifnh aictew Chan , 1893, 6 , 684), iiiid de KoicihikI (in 
Moissau’s dc thimie, 19U5, vol, iv.); sco al&o Dammoi, llandhuh d>r cningrini'ichen 

(Stiittgait, IS'.'S), vol. 111 

^ Bieiinhii, Amnlen, 18.66, 97 , 295; Wilkens, ibid, 1856, 99 , 21 . Byekmaiui, 

1861 , I18, 212, Bnltiiigpi, ibvt , 1376, 182, 311; Philipp, ibid., 1877, 184. 132, 1878, 
[91, 1 ; Ueumnnii, tbid , 1879, 199, 253 , 1830, 201, 262 , 203, 171 , R rtwllnianti, ibid , 
1878 , 194, 1 , (luokolbpiger, ibid , 188J, 213, 182, S/.ilasi, ibid,, 1889, 251, 97 , Dollfu&s 
ind Goppelsioder, Bull. Soc. Ind Mnfh , 1875, 45, 193, 196 ; Stem, J. jiral.t. Chnn., 1871, 
h'li 3 . 38; Plii-qiie, Compt rend , 1877, 85, 570, Bull Boc ’hun , 1877,28, 518 , 29, 
M ; Rickmanii, Ber., 1878, li, 2013 , do Foicrand. Mim. Acad. Sn. Lyons, 1879, 24, 141 ; 
3ilber, .Rer. , 1880, 1854 , F. W Clarke, Amei. Chtm 1888, 10, 126; J. 'VVunrler, 

Ghem, Zeit., 1890, 14, 1119 , Broggcraiid Backstiuni, Zatsch Kujst Mm., 1891, 18, 209 ; 
Puchner, Chem. Zenfr., 1896 , 1 . 1051, Rohland, Zntsch. anqrw. Cham., 1904, 17, 609; 
Erdmann, Annahn, 1908, 362, 133, L. Wundei, JSjgi/st-A anorg Chem , 1912, 77, 209, 
Bock, Zeiisch. angev\ Chem., 1915, 28, 117. Most orthc foiegomg an- included in W. and 
P, Aaoh, The Silicnfcs in Chemislry and Commeire, tiansl. by SeuilefConstahle, 1913). 

* The early view that lapis-laziili owed its blue eolour to copper wub disproved in 1762 
by Margraff, who attiibuted it to iron. In 1806 Clemont and D^sonnes showed that some 
jpecimens of lapis-lazuh were free from iron. 
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is a coloiiilc'ss, iraubparent solid, winch holds in colloidal susponsioii or* 
solid solution a small amount of another substance which ^m\cs use to 
tho blue colour. This second substance is generally ciuisideicil to bo a blue 
form of sulphur.^ 

The arguments used in favour of the colloidal sulpliiii thcoiy aio largely 
based on analogy, vaiioiiN icactions being known m which il very probable 
that colloidal sulphur is produced and m winch a blue coloin is developed. 
Tlius, potas'sium thiocyanate - turns blue when melted and heated to 400*, 
and molten .sodium chloride or sulphate becomes )uii;bt blue wlieii ii little 
sulphur is added and tiio mass heated until the milial bl.u'k turbidity 
vanishes.'^ When alkali pol}sulpbi<les are addisl to vaiious boiling organic 
solvents, blue solutions arc oblamed, wlin-h usually lose Iboii colour when 
cooled^ Moreover, at very high tempciatuies sulphur vapour is blue in 
colour.® 

ft eaiinot be con.sidered, however, that tin* eollord theor} is well (‘sl.iblished. 
The objeetion based upon tlie f.ict that ultianiajine retains its colour at Irigh 
tcinpeiatuies is perhaps not very serious, but it is dilheult to see bow the 
tlieoiy IS to evplam tho existence of red, violet, and gieim ultr imarincs. 
It would irecesMtate all the colours being .ittnbutul to colloidal sul[)hur in 
various .states of division, and the assumption that, the bine colour of the com- 
meicial ailielo is due to its tempeiatuie ol formation being such us to prodrice 
the .suljiliur m the re<]uisite st.ite of fineness Silver nit i amarine, however, 
turns blue wlun be.ited with sodium chloiide at a eomp.nati\ely low tempera- 
ture. Again, in the e.i-.es oi the blue solutions already mentioned, whore the 
exisleiiee of eolloidal siiljihiii is considensl ])iohabh‘, the bine coloiation only 
makes Its apjieai.ime in llie iluid slate, molten, blue j>otasMum Ibioeyanato 
becomes wliite on solidilieation If, however, in (he manufacture of ultra- 
m.iriiie, oveiliealing oeeur.^ and the mas.s fu.ses, the blue e()Ioui is destroyed. 

I ' Ur am . 11 me still lel.'iins its hhio eoloiii at -- I H !*(’*’ A seiious objection to 
the ('(dloid theory is found in the l.iet that among the numetous siihstituted ' 
lilt 1 amarines, only thoM' (•(mt.imiiig thi* alkali metals are blue \V and D. 
Aseh ‘ aigiK' in great detail for llio view that the uUiam.umcs are definito*’ 
ehemieal eompouiid.s of a hiLddy eomph'A iiatme, and that the various colours 
are piodueeil hv ehanges in (In- auangement ol the v.iiious atoms within the 
molecule A« eoidmgly to L ^Viindoi,'' three conditions must be fulfilled for ■ 
an iiltiamaiiiii' to pijsscss a blue <olour (i ) ,in alkali metal must bo present,' 
(ii ) part of the 'sulphur must be directly united t«) the alkali metal, and ■ 


1 .S«>o. r tj , tviuipn / pi’ikl ('h>ni , 38, 4.‘< , Uold.iiifl, Znt^b aiujfw Chem,,^- 

I'.'OJ, 17, i)0‘t , .1 iliilliiMiiii, < h‘'>n /-if , lain, 34, .sji , \l»pgg, llamihwh ihr anorgaf^^,' 
isrh^n i hi'miCfWiA 111 pi. 1, p ]' 2 h (l''i)h) , W itill/, cilctl 111 Abegg, «p//s' < , Uooltef,'" 
J/aniiliKih tin Mim laJdieimi ami Ijiip/ig), IDll, cli , \ol ji pi \ii. , tf. Stelll,.; 

./ prakt Cbnn., 1876, 14, ii.sr , (Joiitilr, poftf ,/ , 140, ;J*J3 , Z41, IJO; 1862^'! 

x6o, t.s3, Ul.u-kiJi.)i(«, J. Sor rhem. 7/n/ , l.S'i;, 16, aiU . K (Juiniol, Mt'/ti Acad. Sci,* 

Lyons, 1878, 23, 2!> 

'■* Nidliior, Annalcn, 1858, io8, 8 , Gill'll ('hem. News, 1901, 83, G 1 , Milbaucr, ZeitidK, 
anmn <'hnn , 1904, 42, 433, 1906, 49, 4ti. 

•* Knapp, hh'. nt. 

* Patcrmi .iml Ma//iiccliclli, Affi li An'ad Lmrei, 1^07, [\ ], 16, 1 46.') 

l’.it(’iii(i and Maz.siicclidh, Un tU Koi fuitlni VMiik on bhn* Milpliui, geo Wohler, 

Annahn, 1853, 86, 373, N. A Oflotl, ./ Jluss J hy-.. Chon Sue,, 19'j1, 33, 397, 400 
1902, 34. 52. 

® B. (’anipboll (pMV.iic ciaiiimuiKalion). 

W. and IJ. Ascii, opus nt. 

* L. Wundcr, ZeiLch. anorg. Chem., 1013, 79 , 343, Cheni Zeit., 1913, 37 , 1017. 
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aluminium and its congeners. 




20,^6°8"^C;/‘/«rf7wil! 34 19. 10S9 ; 1807, 

... ult.a,..u,„ 0 . th.. s„bstv,cn, tbu, 
^»n. Chim.. Ph,j,\ 1878, [v 7 m 'l,.n . t ”*'■ 1’ ''SS- E '!...n.' l. 

1878. [u.], 29 , f.L: 30 , 61 1 S’. I'an!";.’ vt 52^ f" ^ ^8* ^ 




CIl \VTE\i VI. 


GALLIUM.i 

Symbol, (la Atoinio (10 0 (0== l(i). 

Occurrence. (lullmm is one* of the* 1 ‘irpst J i < 

(listiibiitotl in n.ituic but onlv m ^ occnuin^Mvidely 

quea con^iaucMa of qmmt.ljos^ I, „ ,, fre- 

CO,. HU, ..cal .net, .1, 0 017 .vu, ol iailn.'.n wrAu’.m)'’' 

tl.cM,u«Ht,uos,,h,.„.i„ ' “ ’■"■'■■•■=J«alcr»» (Jallu.m exists in 

..0lcqim°Ttl7y,!\f.\t to^k lfo.sl..u..lr,u, ohscu.,] a new 

fn»m tin- /me blendo of J'unrcfitti* fo t \ separated 

B.., St., I- , 1900. 21, 1 18 , L„, d, 

; Ipjd a;r mv! 'I’?;?'; iso 

(J>nni , 1914, I2, 80 ^ dcUlainpo y ( ei.lu„, i^nal As. 

Hartley and Runiago, /or rd. 

^ jlaitlcyandR,'inugc, Tmos Chem. Sue , 1897 71 

H “"‘1 biwdet, i\m},t inul.^ UM'j, 157 71 

Haitley and Ramage, &, 1 >,^ ’y.„y, ^ , 

14 .’? 


, 71. 517. 
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the spootruni of a new metallic element, to which the discoverer patriotically 
gave the luinio of gallium in honriur of hia native country.^ The first re- 
^ searches on j/alliiini- weie conducted with only a few milhf'rams of mateiial ; 
but in l87vS Lccoq de Jioihh.uidi.m and Jiingileisch, starting with 2100 kilo- 
grams of llonsberg blende, obtained 62 grams of ne.iily pure gallium.® 

’ The discovery of gallium inaiked the inauguration of the periodic 
classification In putting foiwaid that scheme for the classification of the 
elements, Mendeh'elf was obliged to assume the e\istencc of several elements 
not known at that pciiod (1871) One of these hypothetical elements, of 
atomic weiglit aliout 68, ho called eka-aluminium, and dcsciihod the 
properties it should possess, and it was noticed very shortly after the 
discovery of galliiiin that gallinni closely resembled the liypothctical eka- 
aliiminiiim in its behaviour ‘ The following tabular statement will serve to 
illustrate how closely Mcndeleeff succeeded in foretelling the properties of 
gallium ; — 


Eku-aluiiiinmin. 

(•allium 

Atomic v^’cight, c. 68 

Metal of density 5 9 and low iin Iting- 
poiiit , not volatile , unalk‘oto<l by an , 
should dccompoM' btoaiii at a lod hc.it and 
dissolve ‘.lowly in acids and alkalies 

Oxide should have foiinula El.jO., 
donsily 5*5, and dissolve 111 aeids to loini 
salts ot tlie type ElXg The hydioxnle 
should dissolve in acids and alkalies 

Theie hIiouM he a tendency towards the j 
foiinatioM oi basic .salts. The sulphate 
should foim alums. The siilplude should 
be pioeipiialed l»y II„S 01 (Nll4'28 The ' 
anhydioua cIiIoikIc should be moie volatile 
than zinc chloiide. 

The element will piobably be discovered 
by spcctiuin analysis 

Atomic vv ell'll t, l)l> 9 

Metal nfdensitv .5 91 , meltingal ."jO 15“ , 
not volatile . unebaiiged 111 an , aelion on 
steam nol known , dissolvi'-. slowly in in ids 
and alkalic'. 

0\ide, (Ja,(),, df'iisitv imt kinovn , dis- 
solves m au(|s foiming sails (!aX. The 

1 hv<lroiidc dissolves 111 u nls and alk-ilies 

1 Salts readilv hydiolyse and (01 ni bisie 
salts Alums aie known Tin- ‘•■ilpliide 
[ can he pnripilalisl bv II^S 01 (Ml4\.S, 

' bill only iindi 1 special < UcuiubUnns The 
aiilivdious eliloiido is inoie volalilc than 
ziie ihloiide 

\\ as discoveied spectiosi-opically. 


Preparation. — Zme blende containing gallinin is dissolved in fupia regia, 
using a slight eveess of blende, iii order to leave no fice iiitiic aciil in solution, 
and the coppei, load, cadnuum, mercury, silver, etc, present aie for ihe most 
part piecipitaled by the introduction of stiips of iiiclalbc zinc Tlu* licpiid 
is filtered while liydiogen is still being evolved, and the hltiatc boiled foi 
some hours wilb a largo excess of zinc The abundant white piecipilate 
which forms, coiitainiiig alumina, liasic salts of zinc, gallium, iron, and 
.^ihromium, and a little silic.i, is dissolved in hydiocliloiie acid, and the 
preceding processes are lejuMted on the solution The liydrocldonc acid 
solution of the final preeipitatc is saturated with hydrogen sulphide and 

, * Lei-oq cic Boisbaudraii, Cotnp! 1875, 8 l, 41^3. 

8 Lccoq do HiJisluiuhaii, Coinpt ls75, 8 l, 1100 , 1870, 82 , 108, 103(3 ; 1876, 83 , 

824, 1041 ; Aiv} Chnn. Phvs., 1877. fv 1, lO, 100. 

‘ ® Lccoq do Hoisluiidniii and .luiiglli‘i‘<cli, Cvm]it /rnff., 1878, 86 , 475 

* Moiiiiol^L'Il, Compt lend , 1876, 81 , 969 • 

' ' ® Aleudt’leefr, loc. cit., and J. iiuss. Chem. *SW., 1809, I, 60; 1871, 3 , 17, Anmkn 
\ Suiml., 1872, 8 , 133. 

” By ])rucecding thus far with 10 giams uf blende, concciitiatiiig the chloiidc solution 
’.sod examining its spark spoctiuin, a qualitative test fur gallium may bo made. 
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The spark spectrum of gallium is characterised by two violet lines, A,4172’2 
and X40.‘13'2, the former being the more intense.^ 

Gallium is only superficially oxidised when heated, even to redness, in air 
or oxygen. It does not decompose water at 100^ and under air-free water it 
remains bright and iinalFected for a long time. It dissolves slowly in mineral 
acids Solid gallium dis, 'solves much faster in hydrochloiic acid than docs 
the liquid metal. Warm nitric acid dissolves it slowly, and the best acid 
solvent IS aqua regia. Gallium dissolves in potassium bydioxide, willi the 
liberation of liydrogi'ii. It unites directly with chlorine, bromine, and iodine, 
in decreasing order of actnity - 

Gallium forms two classes of compounds, of the types Ga\., and GaXg 
(X denoting a univalent aeid ladicle) The Litter clo.soly i<‘s(‘iyble the com- 
poiiiids of aluminium. Gonceiniiig the forinm, wliieb lustaiitlv reduce 
potassium permanganate in dilute and solution, very littb‘ is Known 

Atomic and Molecular Weights.— Tlie \apoui densitie.s, lelnied to 
air as unity, of the two cliloiides of gallium have been deter mined to bo 
4 82 (at lobo" to 1100“) and G 1.3 (fiom 410’ to G06“), correspondiiii' to the 
molecular weights 140 and 178 respectively (0^ = 32)'** Since tbi' cbloiides 
contain 51 0 per cent, and 10 0 pei cent of gallium respectively,' the weights 
of metal in the ])reeeding moleeular weiglits aie 71 1 and 71 2 Hence 
Avogadro’s hypotin'sis leads to the appioximate value 71 foi the atomic 
weight of gallium, and to the molecul.ir formube GatM, and G.it'l^ for the 
chlorides. 

The specific heat of gallium (p. It.")) suppoits tins mcw', siiici' it indi- 
cates an atomic weight of about 80, and it is eonliiim'd by tb(‘ l.ict that 
gallium sulphate forms a .senes of double sulph.ites, isonnirphoiis with 
ordinary alum, AL,(SUj)^ 2U1.,(), whndi double .salts, on the assiimjition 

that the approximate atomic weight of gallium is 70, must be foi miil.ited 
Ga.2(S04)3 K,S04.2‘lJf,0, where R = K, Kb, (\s, Mlp or T1 

The preceding approximate value for the atomic weight of gallium indicates 
that it IS three times the combining weight of the mel.il m its oxide and 
highest halogen compounds The value at pie.sent accepted foi Ihe atomic 
weight, Ga = 69’9, results u[)on a single analysis of gallinm .immoniiim alum 
and a single synthesis of gallium sesqm-oxide 

The atomic weight of gallium was calculated by Ta'coq do l)Ol^balldran, 
before sufiieieiit material was available for an evpeiimenlul dcUnmination, 
from considerations bascsl upon a eomjraiison of the w’ave-lciigtbs of the 
spectrum lines of gallium and of other allied elements of kiurwui atomic 
weights. His method of calculation leads to the \aliie Ga = Gi) 8G ’’ 

The molecule of gallium is monatomic in dilute solution in mcicnry.'' 

^ Lccoq do BoibUuiiliaii, Compt temf., 1870,82, 168 , 1887, 104 , l.sSl , 1S92, 114 , 815 , 
Livcing Hiid Dow'ar, Pi<ic. Roy .sVv., 1879, 28 , 471; Jlantlbnih tbi tSfuKi.iAopiG 

(Leipzig, 1900-12), vol. v p. 46n , Haillr} and I'tor Roy .SV., 1912, A, 87 , 88 . 
On series in the speetium of gallium, see p. 3. On the high-liequemy speutniiii, .see 
de Biogho, Co7)ipf 7t'n(/ , 1014, 159 804 

® Leeoq dc Boishandran, Ompt. ifivf , 1876, 83 , 663, .S21 
" NiKsou and I’olteis'.oii, Tinns i'hnn. Soc , 1888, 53 , 811 

* Leeoq dc Boishaudraii, Compf. rend., 1881, 93 , 294, 329. 

* Lccoq de Boisbaudiaii, Ctnnpt. tend , 1878, w, 941 , see K. W Cluiki-, HunlcLda- 
tion of the Atomic fr<i 7 A/ 3 (“iSmithaimian Miseell.ulcoiis Collections,” vol. 51, N«i. 3), 3rd cd., 
1910, p. 269. 

® See the article “ Clalliuiu ” in Wuit/, Didionnaiiedechinuc, Supph'ment, pi 2, p 859 ; 
MissFieund, 2'he Sludtt of Chemical Composition (Cambridge Univei&ity Press, 1904), p. 491 . 
’ Ram>ay, Tiane. Chtm Soc., 1889, 55 , 621. 
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, COMPOUNDS OF GALLIUif. 

Alloys — C^alliiiin easily all(»}s with alunuiiiuiii, tho ini\luirs iirli in 
pilliiiin hem*' Injiiid at oidmaiy tenipiaatiiies. Tlie alloys reiulil) deomipobo 
\N{iti‘r, liljeiatiii^' hydrogen and lea\iijg a solid lesidiie of iiietalliu gallium 
and aluniiniuin iiydimule.^ (hilhiini also allots readil\ with indiiiin ^ 

Gallium dichloride, Ga(’l„ piepaied hy heating the triehloiido with 
excess ol gallium and distdhng the piodiiet in earhtui dioxide, 1‘oiius white, 
tiaiisp.il cut ciyslals, inelLiiig at Ki-t" and boiling at r).*!.")*.-' The liquid 
exhibits tlie plienoiiieiion ol supeilnsion to a leinarkablc* degiee, as, iiidcrd, 
do all the lialogen eonipounds of gallnnn The \apoui diuisily at lOUO” to 
1100' IS 1 SJ (an - Ij, the foiniul.i (uiUl, eoiiespondnig to ISO At higher 
teiiipci.itiiies (lissoc lation takes place, jiiob.ibly into Gat'l and ehloiiiK' ‘ 

111 moist an, tlie diehloiido deliquesces to a cleai liquid Tlie addition 
of an exci's, ol watei leads to precipitation of an ouchloiide, hxdiogeii (and 
perluqis gallniiii livdiidi’) being evolxed •’ 

Gallium trichloride, obtained by heating lialhum in elilo nio or 
li}iirogen cliloi ide, foiiiis long, white needles, meUiiig at 70 ;")° and hoilirig at 
215“ to 220“ Tlie vapour has a density of (i l.‘l (,iir 1) hetweeii 1 10' .nid 
600", the smiph' foriiiiila (Ja(l, eoiiespoiidiiig to O’O.^^ At 1000 the sapour 
dcTibity indicates that dis'^oeiation has oeeinied, wliil(‘ at low tempeiaturos 
tho results ohlaiiied by (he method of l>umas point to the exislem(‘, over 
tho range 2')7“ to .‘17S'’, ol gaseous thioCl,,, the moleeiihs of which giadiially 
undergo dissociation into (JaC’l, with further rise of tenqieiatine 

Molten gallinm tiiehIou<ie has a density ot 2*.‘10 at SO",'’ leadily absorbs 
gases, Imt ovoUes them on solidilicatioii Tho cryslallmo cliloiide is \ory 
delupu'seoiit an<l dissolves in watei with tho evolution of considoiahh' heat, 
prodneing a coloinless solution horn which oxychloiide.s arc slowly jirecipi- 
tated." The .Kpieous solution hecs hydioehlonc acid when exaporated, 
leaxing an anioiphoiis residue which ahsoihs watei and becomes gidatmons. 
An acid .solution of tho triehloiidi* is oht.uncd by dissolving gallium in 
aqua ri'gia 

Tho bromides of gallium^'’ closely rc.scmhl(5 the chlorides They arc, 
howexcr, less fusible and less xolatih*. and <lo not s(>em to hax'o been analyscfl. 

The iodides of gallium, like the hioimdes, require further study. Two 
appear to exist, a colouiless tri-iodido and a yellow' di iodide. 

Gallium sesqui-oxide, Ga .O„ wdneh may ho piepared by Igmting the 
hydioxide or iiitMte, is a wliito mass, infusible at a lod In .it Its spis'ilio heat 
(O’ to 100") isO 101)2 " The stioiiglx ignited oxide lesembles ignited .ilumina 
in its lusist.iiice to acid.s and alkalie.s, .lud leipiiies to be fii.sed with potassium 


’ Lccoqdfl IJoisbaudiaii, Comyt ■tend , 1878, 86 , 1201. 

“ bccoi] (le Hoisbaiidian, xbui , 188.'), loo, 701, 

■' bccoq do Boisbaudiuii, ihid , 1881, 93 , iJOl. 

Nilsoii and IVtlPissun, Tianf.. Cheni Sne , 1888, 53 , SI 1 
I.ecoq dc Buisb.iudiaii, Coutji/ rend., 1881, 93 , 291 , 1S82, 95 , 18. 

Lecoq do Buisbaiidun, ibid , 1S81, 93 , 32'» 

' NilsDii and Petterb.son, Trans Clinn. Soe,, 18.''H, 53 , 814 , luiodel and i'lafts, Omal. 
rend 1888, 107 , 3(1(5 

“ Lccoq do Buihbaudrun, Compf nnd., 188], 93 , gqi. 

" Lecoq do i5oi>ibaudian, ibid , 1882, gd, 1)95 
Lpcoq de Boisbaudian, ibid., 1878, 80 , 7.50 . with .Tungfleiscb, ihul., 187S, 86 , 577 
** Nilson and Pettcissou, Compl. tend., 1880, 91, 232 , Ber., 1880, 13, 1459. 
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hydrogen sulpluito in order to be brought into solution At a red heat, 
hydrogen induces the ses(|ui o\ide to a gioush-blue mass, piobably ii futhocmh 
(GaO?), winch di.s'iolM's in dilute mineial aeida to foim solutions which 
instantly reduce potl^sll^rl peini.inganate.^ At a blight icd heat, reduction 
to the niet.il can be elleeted (ialhuni hes([ui ovidc is also reduced to 
gallium wIk'u luMted with m.'igncsium.**^ 

The oxides of s.im.iiium, ((hsjuosium), Z^ (teibiuin), and chromium 
act as plio^phoiogeiis when diluted with gallium sesijui oxide and submitted 
to the aetiDii of.e.ithode lays The phosphoiosi-ence is a beautiful red W'heii 
the quanlitx of (‘liKuninm sesnui oxide ctpial-. 0 1 per cent 

Gallium hydroxide, <la(n|l;j(f^, does not seem to have been analysed. 
Jt IS obtained as a w'hite [iKaMpitate, leadilx soluble in polassiuin h^dioAide, 
by adding ammonia to a solution of a gallium salt. Taiiarie acid hindeis the 
pieei|)iliition 

Gallium sulphide, Ga,S, (f), inifloubledly exists, but it has not been 
obtained puie, siiiee its jneeiintation can only be elleeted ni the presence of 
another insoluble sulphide ‘ 

Gallium sulphate, G<i_,fS(),) , is a white, crystalline salt Its specific 
heat (0“ to 100") is Olid’' It is x'oiy soluble in watei, soluble ni 00 [lei cent, 
alcohol, hut msoliihlc in ethiu 

Gallium ammonium alum, Ga^(S(),), (M],).^S()j 2111 G, crystallises 
from a solution of mixed gallium and .unmonium siiiphates in < onibinalions 
of tlie cube and legnlai octaliedron The a<jue<ms solution piecipitates basic 
salts w’hen heated " 

Tlie coiiesponding potassium-, rubidium-, caesium-, and thallium- 
gfallium alums h<i\c lieen picpaii'd hv Soiet,*^ w'ho gixes the following 
\ allies for the densities and refractive indices (/x) for the Dime at oidin.iry 
iempeiatuie . — 

Nil,. K Rb. Cs T1 

density 1 777 1 0()2 2 2 177 

^ 1 HISl 1 l,o6.‘I 1 1 ()•")>< 1 HibO 1 b()()7 

Gallium Silicotungstate. — Gallium Slllcotllng.^tatc isveiy solnlile in 
water Three hydrates are known the first, which has tin* foinmla 
2GaoO.,..'l(SiOj 1 2\VO J O.’lHjO, ciystallises in legular octahedia, the si'cond 
has S7II,0 and eiyst.dlises m i hoinholn'dra (ft c - 1 2t)'{|0;, whiK' the 
thiid has 0011., O and ci\stalli>es in tlm inonocliino (0 sxsteni (u // r-- 
0 90b7 1 I irnSr) , /y-74'’ 20') The Insl two salts theiefoiecoiresjiond to 
those of aliiinininni (p 87) ® 

Gallium nitrate, Ga(N ()_,),.» 11/), is a white, delnpiesient salt which is 
completely decomposed at 200’."’ 


^ Diipio, Conifil ?i’iiil , IS7S, 86, 720. 

- Winklci, ;iV/ , 18H0, 23, 772 

^ Lccoq (Ic boisluudiaii, Compt iciid , 1887, IO4, 330, 1581 , 105, 784, 1228 
* Sec ]) 149, and Lccoq do Hoisbaiuliaii, t'onipt. tend , 1881, 93, 815. 

® Nilsoij anil rctteiSMJij, raid , 1880, 91, 232; Be,i , 1880 13, 1 l.oP. 

*’ Lecot] do Iknsbaudrun, Ann Chun 1877, [v 1, lO, 126 

" Lccoq do llui'jbaudran, Cornet, lend , 1875, 8i, 1100, 1876, 83, 821; Ann. ('him. 
P/ij/s., 1877, fv.k 10, 126. 

« Sold, Arth. Sii pfn/s nat., 1885 [n\ J, 14, 96 , 1888, [m.], 20, .520 
® Wyioubofl, Bull. Soc f/an{. .1/ot., 1896, 19, 219 The hydrate with 6OIJ2O i'’ po^-jibly 
triclinic , see WyiuiilmH, tbid , 1905, 28, 237. 

Dupie, Compt. lend., 1878, 86, 720. 
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CHAPTER VII. 


INDIUM. 

Symbol, In. Atomic wcij^ht, 114‘8 (0- 16). 

Occurrence. — Inflmm is one of thcr.nostof tlicclmmMits, occiuiinij: m minute 
quanliln^j l.uily widely di.stiilmtcd m natiiic * It evi.sts in most /me bleiulcs,^ 
111 bome tiin'^^ten ou's/* and in m<iny hpeoimena of pynles.'^ It i.s a eoribtant 
conbUtiicnl of tin ores, and oeeiiib in bidoiite.s,* aabOLMaled with maiiLMiiese. 
Indium has also been observed in some Italian j<alonas and in olhei minerals ^ 
History. — In ISlbl, lleicdi and Richter'' observed, in the spark spectrum 
of a .spoeimon of J'’reiber^ yane blemlo, two new iiKliiio-blue lines. They 
attiibiUed them to a now mct.illie element, which thev succeeded in isolating 
Subseipiently, the new met.d, wlueh had been appiopiiately named indium, 
was studied in detail by Winkler.' 

Preparation.- -Indium is best OKtraeted fioin /me that lias been pi<*pared 
from blende contamnig indium. The zinc, wliieh may contain 0 1 pei (’(uit 
of indium, is tie<itefl with a blight deficit of dilute sulphiirie or h\drochlorie 
acid, and the solution allow-ed to staial in contact with the caccss of yiiic for 
several davs. h’lom the s[)ongy rcsulue, wdiich contains indium, lead, copfior, 
iron, cadmium, arsenic, and the excess of zinc, pure indium oxide is best 
prepared liy the nictliod clue to Bayer.** The washed lesidue is dissolved in 
nitric acid and the solution evaporated with a slight excess of sulphiiiic acid. 
Iron and indium hydroxides are precipitated by the addition of ammonia to 
the tilteicd solution of the sulphates and the washed precipitate dissolved 
in hydioehlone acid. The nearly neutral solution when boiled with excess of 
s Bodium bisulphite yields basic indium sulphite as a tine, crystalline powder. 
The precipitate is di.ssolvcd in atpieoub suipluiroiis acid and the liltercd solu- 
tion heated to boiling, wlieii pure basic indium sulphite is obtained.'' 

* Vcnmdski, Bull Arad Sci Petro<jra4, 1910, p 1129 , 1911, p 187 

* Rcicli uiid Ki’htiT, vide in/ta, Kachlur, J. inakt. Chrm , 1 S 6 .'), 96 , 147, Cornwall, 
Chem. iVeics, 1873, 28 , ‘28, Urbuiii, Compt, rend ^ 1909, 1491 002 , Aiig<*l del Canipo v’ 
Cerd.iii, .‘t/ia7. /'’w Qumi 1914,12,80. 

® Iloppo-Sryler, Annalen, 1866, 140 , 247 ; Atkinson, J. Amer. O/icm. Sor.^ 1898, 20 , 811. 

* Haitloy and Kamago, Tmas <'hrm. iioc , 1897, 71 , 533. 

® Do Negri, Ber., 1878, ll, 1'249 , Oazzetta, 1878, 8, 120; Tanner, Chem. A’ei/w, 1874, 
'■ 30 . 141. 

« Reich and Richtor, J. prakt. dicing 1863, 89 , 441; 1863, 90 , 172; 186,4. 92 , 480; 
Richter, Compt rend , 1867, 64 , 827. 

: ’ Winklei, J. prakt Chem., 1885, 94 , 1 ; 95 , 414 , 1867, 102, 273 , condensed account in 

Ann Chim. Phys , 1868, [iv.], 13 , 490. * 

8 Bayor, Annalen, 1871, 158 , 372 , J. Chem. Soc , 1871, 9 , 6 bl 

® Cf Winkler, 7oo cii. ; Bottgci, J. piakt Chem , 1866, 98 , 26 , R Mt-yci, Annalen, 1869, 

; ' IW, 137. For the extraction of indium from blonde, sec Reich and HiclUcr, lo<' cit. , 

' , Winkler, loc. cU., Wesclsky, ibid,, 186.^, 94 , 443; Kachler and Schrottei, ibid., 1865, 95 , 
441 ; Stolba, Dingl. poly J., 1870, 198 , 223. 
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The basic sulphite is dissolved in sulphuric acid, and indium hydroxide 
thrown down by the addition of ainiuonia. The precipitate is cori\eited into 
indium scstpii-oXido by ignition 

Indium oxide may be i educed to the metal by heating in h}drogon or by 
heating with sodium In the latter ease, the biittle alloy of indium and 
soduiin obtained is decomposed by \\atei and the lesidnal indium fiisiil with 
sodium carbonate ^ 

Traces of non may be icnuned fiom indium b\ coin ei ling it into the 
triehloiide, adding potassium thioe^aiiati* ** to the feehh aeid solulioii, and 
extiaeting the teliie tlnoey.inate with elhei - l*nie iiiilium ti u liliniile is 
also obtained by adding pMidiiie to its alioliolie solution A double compound 
of the chloiide willi p}iidino is jireeipitatid, non ami aliimiiniim chlorides 
remaining in solution 

Indium IS easily ilepositcd elet tiolylically fiom a solutiou of the chloride 
or siii[)liale, in the ple^on(•e <»f pviidine, h}dio\\lamme, or foimie aeid,' and 
fiaclional eh'ctiolN sis of the siilj»li.il<‘ s<ilulion alloids the bc'st melliod of 
ohtaming puie indium’'^ 'I’he de]>osiled mel.il is piessed toeethei, washed, 
dried at I’JO", and fu^cd m a ehauoal bn.il in a eunciit of hubogen 

Properties.— Indium is a soft, diietih', sihei white met.d, wlneli molts 
at inb’" iiiul isxolatile at a led beat ’ It ei\stalliM's, like aliimimiim, but 
unlike /me, m tin* eiilne svslem, lieim: elciliolUieally deposited liom its 
suljihale solution in legiilai oitaliedia'' Us deiisitv is 7 277 at -OV' its 
coelluMcnt of ('\paiisioii, 0 UOOOini),*" .md its spenlle heat (O'" to UkT) is 
OOoTO II 'I’he aloiiiie lefiaetion of indium in its eompoimds is 17 *1 (for the 
lift lino , (Gladstone and I)al(‘’h foimula) i- Indium is diamagiietie.^'* 

Tlie llame, aie, and spaik s])e<*tia of indium aie chaiaeteiisrd in the 
visible region by two biilli.int mdigoblm* lines, 1511 55 ond 110] The 

most lines in the sjmik spedium of indium and theieloie the lines 

that should be looked foi when seeking ti.ioes of the element, aic (lOsiK'r and 
Ila^rhek’s wave-lengths) 1511 .m* llOlur),* :i2i)C22* L>9ll-39, 

‘J890 35, 11710 39, 2300 20, those asteiisked being the most sensitne 

Tiidiiim IK unatleeled by diy air at oidinary temperatnies, but at a red 


* Winkler, /oc. nt , IJnltgoi, J jraU Ch>vi , 1869, 107 , .‘59 

2 ])oiniH iiiid iJcc'i, J yhin’t. i hull. Soi , 1901, 26 , 437 , Jiii., 1901, 37 , 901. 

* llfiu, JIc ‘1 , 1901, 37 , iillO , Duini', und (Jeer, Irr. nt. 

* Dfiniis ami (Ifci , hi df 

® Thiel, Jhi,, 1904, 37 , IT.'* , Z>i('>i'h aiinnf Vhvm , 1904, 39 , 119 , ^ 0 , ‘J&O ; Mathurs, 
Ber.f 19n7, 40 , 1220, J. /finer, dlmn hu , 1907 , 29 , 48;'* 

" Tliii'l, lor at 

1 Dilte, (hvipt. nml., 1871, 72 , 8 .'' 8 . 

Sadis, Zeih(h. Kiyst Min , ] 9 ('.l, 38 , 19.'* 

® Uieli.'iids and Wilson, Cnnififir Iiist.tulnni Publii fit tons, 1909, Ko 118, |t. 13 , Zeitst^, 
physilitl Chrm , 1910, 72 , 1119 

Ki/eau, Coinpt. lemt , 1SG9, 68 , 112.1 

liunseii, I’Ofjg Annalfn, 1870, 141 , 28 , I hil Mnq., 1871, [n.], 41 , ICl , /inn. (%xm. 
/’/ly'j , 1871, fn J, 23 . 50 

(Iladsttme, Vice. Roii Sor , 1897, 60 , 140 

dwell, •/Vftf*. K. Jkad. U'etmsrh /tviihrdim, 1911, 14 , »5‘{7; Ann 1912, [iv.], ' 

37. 

** Kayser, Jlundhwli drr Siii'l-tnis^uine (Leijvig, 1900-1912), vol v |i .181 , Kxner 
and Jlaschck. hn' Sp/ltien dn Etmicnte bn intmuthm hrurk (Lc'i|»/ig and Wnn, 1911); 
Schiileiiianii, Zeihdi. ins'! J'hotmhem , 1912, 10 , 203 (sjiaik) On si-iies m the Hidmm 
spectviim .'!L'e j) 3 

i’ Haitli}, J'hil. Tutn^ , ISS'l, 175 , 1 . 325, de Oiuinont, Cumpl lend , 1907, X 44 . 
1101 ; 1910, 15 X, 308 ; 1914, 159 , 5 , Tlailhy and Moss, run. Jlny. Zoc , 1912, A, 87 , 88 .' 
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heat it burns with a l)liic flanu*, the scaqui-oxide with the liberation 

of lOltC oals of licat })ri j/iaiii of metal’ Jt unites direi-tly w itb siilpbiir 
and the halo<^ens. It is inialK'Cted by boiling waUu ot [iotassiuin li\dro\ide, 
but d]ssol\e.s in ininei<il acids The action of nitiic acid is slou, and 
ammonia is found amoiiti: the reduction pioducts of the acid - The ])«)tenlial 
differences bclueen indium and molar, tenth-molai, and hundredth-molar 
solutions ol indium ti lehloride are 0 094, 0 lOS, and 0 119 volts rcspc'ctively 
at 25“, the metal bein;; nei^ativc to the solution. The eleeln»lylic solntioii- 
prossiiie of indium, 10- to 10-’ atmospheres, places it between non and lead 
in the eIectroiiioti\e series.^ 

Atomic and Molecular Weights.— The eaily woikeis on mdnnn 
regarded that elenu'iit as a diad, and analogous to /me This \iew was 
based upon the facts tliat indium oecuis naiiiiallv in association with /me, 
the two metals aie \oiy similar in their analytical reactions, anil no sodnmi- 
or potassmm-mdium sulphates could bo prepausi which cr\stallised m 
octahedra and could he formulated as alums on the assum[>tioii that iinlium 
was tenah'iit Tho bivaleney of indium was, howi'vei, not accept. ible to 
Mcndelcell’, who could only place mdnnn m Ins peiiodie table on tlu* 
assumption that it was a tiiad, of atomic weight e 1 1 I In suppoit of the 
tervaleiuy of mdmm, both Mcuideb'elf and Lotliai Meyer ad\aiieed v.iiious 
chemical lea^ons,’* and Meiideli'ell and Uiiiisen each showtsl, bv dcdcimma- 
tioiis of the spor'ilie IumI ol tlie metal, that the lenaleneyof mdmm was a 
necessary assumplion fiom the point of mcw of Diilong and IVtiL’s Law '' 
Subseciucnt woik h.isfiilK substantiated this assumption in IST.'Uloessliu’'’ 
succeeded in piepaimg mdiimi ammonium .ilum, and m IS.Sf) S(U(‘t ’ prepaied 
tho lubidium and ca'siuin .ilums Most eommemg of all, m 18S.S NiImmi and 
Potteisson " pi ('pared and det(‘nmned the \apoui densilK's of tliiee eldoiuh's 
of indmiJi, and showed that the K'sults wen* m aurc'cnienl with tlie moleeiilai 
formiilai InLl, lid'l,, and IidM,, with In - III ajipioximati'ly This v.diu' 
has boon eoiitniiH'd by another method, wliieli mav be oiitlmed beie 'riii' 
sjyt’cifi'c uf an element foi \ia\sol .i delmite (piality is mdepi'iidc'iit 


* Ditte, ro 7 n/tf rnul , 1871, 72, S'»S 73, 108 
® Aimsliong and Acwoilli, 7V<f/e» Ch> ni Sot , 1.S77, n. 81. 

^ TJuc'l, he. eit , iiu’.isined ugaiiisL dc* uionn il clooliotlr (0‘(120 V(»lts). Cl. 

Erli.'iid, ll'ietl. Aiuid/en, 1881, 14 , SOI. 

■* L. Meyer, Avuahn Sitppl., 1870,7, 851, Meinh'lt'elf, ilml , 1872, 8,18*1, or f'linii. 
News, 1870, 40, ‘281, etc , 1880, 41, 2, etc. 

® Meudel(Ttl, Bull Acad Sei. Pi'lroi/rail, 1870, ]>. 115, niiii'scii, I'hil l/uv., Is71, [iv ], 

41, 161. 

® Roessler, J prakl CJir/n , 18. 3, [n 1, 7, 1 1 
’ Soiet, Anil Sa. pfn/s. iwt , 1885, jiii ), 14, »)♦) 

** Nilboiuind Pettciisisoii, Tians Chem Soe , 1S.''8, 53, 814 

® Giv(?n unit mass of a sulist.iiice H deeigi im) 111 iht* f'um of a ni'ht ejlmdei, area 
of base 1 s>i|. dii , and gnen lli.it X-ia^s fill iioimally on the base and pas's thiougli the 
cyliiidoi , tno ti iclioii ol the la}-. absoibed by the eyhndei iii'-asiiics the yeei/fr opa<iti)K)[ 
its matei lal 

The equitalent transpamv y ol a substance is (lie mass (in docigranis) of a light cyhndoi 
1 sq. cm. in base which, when aie passed thiough it paialld to Us axis, pioduces 

ithe sameahsDiptionas a cyhndei of {Miratlin wav 75 min high and 1 bq eni in eros^, section. 

If masses w,, in^, . ... uf elements of equivalent lianspaiemies c^, «... 

are present in a total mass M of substance of equivalent tianspaiency K, then, since sjieeific 
opacity is a stnutly additive luopi'ity, 

^2 

il e .2 ^ «3 
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till' fill \1' iii'lcil 111 |.,1, || ,■ IS,. Iiiil (I, I I'"'‘'f<lf aial It 1,11 

an, I of II,,... I,., , ''■f''.iflioltl„.sf,.l,„„.,ilK, 

of .\-nu.s,.„ Mtin/fln £"' ••‘l-aUi.nlai ,|„.,I,t; 
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'*""a 'VOlf 10 . 1 , 1 ,. .iliiiost.iiliii.K- In Un.liv , , , ’ aiicl 
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IiiCl, ;!\a('| .^i 17 ! 1 ( 10 , 100 , Tl,„.|) In - 1 1 1 !l(i,s 

T l"""""(M.ltll,'lM =111 .Sit 
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^ S<‘0 llotp 9 01 , ]r,j 

till} di.iwiiifr " ’ i'-' ^ cum- liui 1 h'>i,i „1 II, (j 

1 ;?y fMioiiiiiflitiiiK I„tl, , 1 „. I, „ 

1901, Vni l.'Toi'ofiS '32 or,, r,.tf.. 77 J , J ,h 

, P'm- 1S70, 141, .-s 
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Tho most probable result, iifcoidin}' to Clarke, is 114 86, and the inter- 
national value (1916) is In -- 114 * 8 . 



Indium readily dissolves in molten tin, and lowers the freezing-point. 
,The “atomic fall” is 1'86*, the theoretical value for a tnonatomic molecule 
. being 3 0”. Hence in dilute solution in tin, indium is mainly diatomic.^ 


^ He^'cockand Neville, Tiayis Chem. Soc., 1890, 57 , 385. 




INDIUM. 156 

From the results obtained by Richards and Wilson^ in a study df Llu' clL'cLrO' 
motn(‘ forces of indium amalgam concentration cells, it follous lli.it iMdiiim is 
essentially monatomic in solution in mercury, or more probably evists as 
a compound of molecular formula Inllgx, most likely lull;:," Indium is 
ess( iitially nionatomio in dilute solution in sodium, the “atomic fall” being 
3 ()' and the theoretical value for a monatomic element 4 4"J 


COMPOUND.S OF INDIUM. 

Iiiflmni forms doiivatne.s corre.sjiondmL' to the three hpes InX, ln\',, and 
TnX, iX denoting a niiivalcnt acid radiclc\ bnl only the compounds of the last 
type are capable of existing in 
ntpusms solution, in which tli('\ aic 
appieciahly hydrolysed 3’iie solu- 
tions contain the colouiloss ion 
In . The ions In' and In ‘ appear 
to b(3 unstable and to uiideigo 
clvansxc as icpresciited by the 
eipiatious 


;Un- = Tii • 

olii -21 11 


-hL’ln, 

fin 



TJius the lower halogen d< inatnes 
of indium aiedceompost‘d b} water, 
metallic indium lioing depositi'd. 

Thctrihalidesof iikIhuh ajipear 
to lescMiiblo the coi rcsporidmg 
eompoiiiids of cadmium m their 
ability to form complex anions m 
solution, a resemblance wbnh is 
not suipiisuig since indium and 
cadmium occupy adjacent positions 
111 till' poiiodic table The variation 
of tho eipuvalent eoiiduelivity (A.) 
w'ith tlie eiiho root of the eoiicentia- 
tion (m, in gram-equivalents pei 
litre) is shown for the four salts 
InClj, TnRr,,, Cdlirj, and Cd(NOj,) 2 iii I’.g 17 The ahnormally low values for \ 
in solutions of moderate eouceiitrutioii is show'ii in each lase c\eej)l that of 
cadniium nitrate, and tins salt docs not foiui coiujilev anions in solution. The 
low values for indium chloride .aie all the more remarkahlc since tho data 
plotted refer to a temperature of 2o°, the other data holding good for 1S“ U * 

Alloys. — Indium readily alloys wutli gallium,''^ K^dd,” lead," tin,® and 


Ci/lfa root of concentration in grm’eqs perlitrO 

Kig 17 -(’oinpaiiSKii (»t cnuductivitic'* of indium 
cIiIoikIc and bioinido stilulioiis with thoao of 
cddniiuiii bioimde and 


' Richaida and Wilson, lor nt 
® ./ Hildebrand, J. Anict. Chun Sor , iyi3, 35 , 60] 

^ Ileycock and Neville, Tunis Ghm Sor., ISSli, 55 , 666 , 1802, 61 , 911 ; see also 
p. 171. 

* For numerical data, see pp 160, If*? 

® Lecoq de Roisbaudraii, Comjif. ninl , 188.6, lOO, 701. 

• Rober|-s-Aiist(*n, /'hil. Tunii , 1 S 8 S, 179 , 8.‘30 , 1896, 187 . 417. 

Kiirnakoffand Piischin, ./. Jlnss. I'/n/s Chain Soc., 1900, 38 , 1146. 

® Heycock and Neville, Trans. Chem Svc., 1890, 57 , 385. 
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sodium,^ and easily foiins an amal^niin Avith nieicury.'^ When electrolytically 
deposited in a pl.itiniiin disJi it alloys with the platinum.^ 

Jnijium and 'iJiH Ki.uoRixi!; (Juoi i*. 

Indium Trifluoride, InK, --(jiliitenini', colomlcss, ihomhic ]jyr.aiii(ls of 
the tiihydialc InK .“>1^0 h.i\e lieeii obtaiiiid by 'I’hiel,-* and white needles of 
the h\di.ile IiiK. 911 ,() li.i\e been ])repan.d liy (’liabrie and nouelionnet,’* liy 
the action of dilnle livlrolhioiic acid on indmin hydroxide. The hydiates 
are spaiin^lv solnl)le in cold water, and when boiled with walei aie lesolved 
into nidiinti li\dro\ide and ludiolliiorie aeid. 

The doul)le salt uKluLin ammonuirn Jluontle is \ery slnilitly soluble in 
w’ater 

Indium monochloride, ln(^l, piepaied by heal mj? lh(‘ diehloiide witli 
excess of iiabuin and distillinj' the proiluct in eaibon dioxide, is a dark i(*d 
solid which inells to a blood-ied li(|iud lls \aj)oui deiiMlN at 1 lOO" to 1 100* 
is about T) .‘1 (air—l), eoi rcspondinjjj to lbt‘ siniiile foiniula*’ W.itiu' deeoiu- 
, poses it into tin* Ineliloride and inetallie indimn 

Indium dichloride, Iu(dj, prepaiod b^ hoatmi; indiuiii in a stiiMin of 
dry liydioj^ou eldoiide, is a white, ei^sl.dline solid wbieb nielK (o a xellow' 
Ihiuiil Its \a|)oui density at llOT'* to HOC is about (J I (an 1), eorie- 
apondin;' to the simple I'oi inula" Water decomposes it into I In* trieldoiKh' 
and metallic imlnim. 

Indium trichloride, InCI, is pn^paied l»y the action of eXM'ss of 
chlorine ujkjii indium, llm lowei ehloiides, oi a mixtuie of indium sesipii oxide 
and carbon, tlu' pioduet Ikmii^ piiiira'il by distillation in a slieam ol lmiIiou 
dioxide It forms w'hiti', Instnms tablets, wbadi do not \olatilise ,ippioeiabl\ 
at 4 10^ Volatilisation occurs slowh at OOO. The \a[HHir deusit\ is 7 
icferied to an as unity, at bOO to 87)1)", c()iH‘s[)oiidiULi to the luoletiilar 
formula InCl,^ , but at biuln'i lempt'iatuies dissoei.ilion oeeuis'*' 

The density ol tin* solid ehloiide is 1 0 • The ehloiide i-» \( ly delujuc'sceiit 
and dissolves readily lu watei, m which it is slightly hydioljsed , lint the 
solution loses very little liulroj^en chloride when e\apoiated at 100". 

The equivalent conductivities (A) of acpieous solutions of indium tiichlondc 
at 25" are, accordiiif,^ to Thiel, as follows (7; = cone in f^rain-ecpiivalimts pei e e ; 
r = dilution, in litres pen ^uam e<piiv.dent , se'c p 155 and li^ 17) - 


V 

0 :b3 

.3 ,3.3 

,3.3 .3 

3.3.3 

3.333 

1000,; 

3 0 

0 .30 

0 0.1 

0 003 

0 OOO.’i 

A 

10-2 

.30 5 

50 () 

101 0 

225 0 


Iiuliiim trichloride forms double salts with the ehloiides of the alkali 
metals, ammonium, and platinum.^'’ The s.ilt Kglid^,^ crystallises in tln' 


' Heycock and Neville, %hid , ISSy, 55, 

Chiibrii! and Uoiigude, Comj)t nnU , lUOl, 132, 472 , liiclmids and WiNoii, Ivc. nt. ; 
J, Hildehiaiid, he. cit. 

“ Thiol, Zeitsch. unortj Chem , 1904, 40, 280 

* ChabiiiS and HouchoiiriPt, Comjif. rtnO , lyo.'t, 140, 90. 

® Huysso, Ziitsrh. tinnl Cheni , 1900, 39, 9. 

® Nilson and I’ctteissoii, 'fiaiiH Chem. Soc , 1888, 53, 81 1 
’ Nilson and Petter-son, loc. nt 

® C. and V. Moyer, Bii , 1879, 12, t)09 , Nilson and IVttvisson, loc. rit. 

• Thiel, loc at 

R. E. Moyer Annolcn^ 1869, 150, 137; Nilson, A‘m., 1S76, 9, 1059, 1142. 
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d^tragonal, bipyramidal class of the tetnigon.il system ; .ind the aminonimii 
r""“ ■’[ are’.so.„o.i,h,I ::,h 
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Indium oxybromtde, ln(i|!,, has I,.t„ d. s, ,,i„..| ■. 

I . ™P”°"*odide, li,l, Is piislniivi «|„.„ .,„ „l 

iicsUcd with iodine. Small ijiiantitics nmst be n.sed, unless the leaetmn is 
lairied out in an atinnspheie of eaiboii dioxide Indiiiin In lodi,!,, ,s reduced 
tn t he inoim-iodide by repeated distillation in hvdroi;en It is a bi ow i s 
s^l.:xhioh melts at :ir,r and boils at r T....’, anil maybe distill!:; m'^i'Zn 

Imlniiu mono iodide is not atta. bed by hot uater, but iliissolxes ni dilute 

' JVallaco, Ztdhih, Kry^if Mm , 1911 , 40, tl7 

] tIiIh rJ 37i '*'11. 

• Wdwi'JlI’rt'''''''' ’’ '‘"'I HR' 

•* K E. sMe3ci, loc cit. , cj. Tliiel, lot ut. 
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acids with the evolution of hydrogen It is iiiboluble in alcohol, ether, and 
chloroform. Tliosiiiiult.iiieous action nf air and water loads to the production 
‘ of indium hydro\i«lo and hydnodic .icid. This action is slow with cold water, 
and the hydrovido is obtained in colloidal solution, but with hot water the 
hydro\id(' scpaialcs in a foini easily filtered.^ 

Indium di-iodide, InL, has not been isolated in the pure state, but 
thorni.ll •inalv'^is shows lliat the compound exists. A mixture coiitamin" 
indium . 111(1 iodine in the latio In . Ig melts at c 212“, and the addition of 
citliei iodine oi indium depresses the nieltiiipf point. The failure to obtain 
the di-iodide b\ liealino the elements together in the correct ratio and 
distillin^^ the product is doubtless due to di.s.sociatioii of the molten di-iodidc 
into the mono and tii iodides taking place to a \cry laigo extent, as the 
sliajie of the mi'll iiig point curve indicates.- 

Indium tri-iodlde, TnT^, is pioduccd when mdium is heated wdth an 
excess of iodine in .in atmosphere of cailion dioxide It is a lijgioscojuc, 
yellow solid, nicllui^ at c 200“ to a led liquid which can be slow!} distilled 
in carbon dioxide at bitrli tcmperatiiie.s. The tii-iodidc is soluble iii water, 
alcohol, ctlici, (‘liloiofoim, and xylene ^ 

Indium perchlorate, Tn(C10.j)., ‘^IIjO, prepaied from mdiuni and dilute 
pcrchloiic acid, foims coluuiless, deliquescent cixstals, which melt at 80“ 
' to a tin bid liquid It i.s easily soluble in waiter and alcohol ' 

Indium iodate, ru(IO;)<, obtained fiom indium tiichloiide and 
Iiotassium lod.ite, separates from its solution in hot dilute mine acid as a 
white, ciyst.illme powder, 1 pait of which dissolves in loOO of water at 
18“, and in ITiO of dilute iiitiic acid (I . o) at 80". “* 

Immum .and tub Oxyoen (Iuolt 

Indium sesqui-oxide, In/X^, obtained when indium IS heated in air 
or oxygen, is prepared by the ignition of the hydroxide, carbonate, nitiate, 
or sulphate Vrepared at faiily low tcrnpciatiires, it forms a yi'llow’, 
amorphous pow’der which is readily soluble in acids, producing indium s.iUs , 
but when produced at high tomporatures, it forms rhombobedral cr\st.als 
of the colour of chlorine, and is extreini'ly resistant tow aids acids The 
density is 7’18; the specific boat (0* to 100"), 0 0807.’ It is dianmgnctie 
Indium sesqui-oxide is leduced to iiidmin wdioii boated with sorlinm, 
carbon, or magnesium, or when heated iii cither liydiogen or ammonia, “ 
and by carefully regulating the reduction in hydiogen, Winkler claims to 
have obtained low-er oxides, including a black monoxide InO 

When heated above 850", indium scsqui-oxido loses oxygen and 
becomes converted into the oxide IngOp which cry.slallises iii regular 
octahedra isomorphous with The loss in weiglit associated with this 

change had previously boon attrilmtcd to the volatility of the sesqui oxide ^ 


^ Thiel and KoeKch, Zeitsrh. anoitj Ckem., 1910, 66 , ‘JbS. 

- Thiel and Koelsch, hr nt 

® R. E Mcyei Jor. at , TIiicl, ht iit. , Tliicl and Koelseli, loi.al • 

* Matheis and SrliliiedeiLeig, J, Amer, Chan Hoc , 1908, 30 , 211 

s * Nilson and I’ettersson, Compt rend , 1380, 91 , 282 ; Jhr.^ 1380, 13 , Mr>9 

® VViiiklci, J.piakt. C/icm , 186.'*, 94 , 1 , 95 , ‘lit , 1867, 102 , 273 , ami Ba , 1390, 23 , 
' 772; Dennis and (leer, J. Amn Cfmn Soc , 1904, 26 , 437 ; Ba ,1901 37 , 961 
’ Thiel and Koebch, If/c nt , cj. Ruad, Trans tVtcm. Btr . 1894, 65 , 3J3. 

* Ronz, Ber., 1903, 36 , 1847 ; 1904, 37 , 2110 ; Meyer, ZaUnh aiwnj Chan , 1905, 47 , 
281 ; Tliiel, ihid., 1906, 48 , 201 . 
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Neither the oxide nor the (inctastahle) In.Oj, fiisoN in the oxy- 

hydrof,^'!! Hiiiiic 

From th(> data Mipplied hy Ihtte’ the following lOhult^ niiiy he 
deduced — 

L’l In] f :i(()) =-[fn,()J + L>:’.U 8 (’als. 

[lujOj -I- ai{ = 1 m,(S()j)^ !uj + 7- 78 Cals. 

Indium hydroxide, lidOllj, — Indimn slowly comeiled hy air 

and moisluio into indium liydioMdo 'I'lie h\dio\nIe may lu> piejiaied hy 
adding aiiimoina to an aipieoiis solution ol an nidnim salt .iiid w.islnng 
the preeipilati* Othei jueiipitaiits ma\ he usisl instead <il animoiim, 
etj. potassium niliite, li\di<»\\ lamine, and the Mni|»le ali])liatie [)imiary 
and s(‘eoinlaiy amines.- The air-diied pieiapilale has tin' eom[i<»Mtioii 
‘21n(()N),, .‘IJJjjih and loses .'ll 1.^0 at 100’ •- 

Freshly jneupilaled indium in dioxide <‘\hihils a inaiked tendenev to 
jiass into the eolloid.il st.ite in llu* ahsenee ol eleiliolytes It is slightly 
soluhlo in <’oneentiated amiiioniuni hydioxide, and dissohes leailily in alkali 
h>dro\ides kVoin the lattm* solutions if is lepieeipilated on hoj’mg or 
Ktandnm W'hen heated to ledness, it le.ives indium m's») in oxide With 
dilute acids it leacts to produce indium j-alts ami w.ilcr, luit it ])0sseshe8 
slight acidic pioperiies, a magnesium indate hemg Known 'I'his suhslanee, 
of the foi 111111!! Mill 11 ^ 0 , dlhjO, is !»hl. lined as .i white piei ipitiite when lutueous 
solutions ol luauiiesiiim and indium cldoinlos aie mixed and Itoih-d ' 

Indium monosulphide, In^S piepaied h\ heat mg lh(> tri- 

sulphidc 111 a stK'ani ol hydiogen Jt is xolatilo at a led lieiit and foims 
flat, traiispaient, udlow ish-hrowii crystals 

Indium disulphide, InS, is ])iep.iied In heating mdium in a stieam of 
h3dioj.'en sulphide, and foims a solt, leildish hiown solid 

Indium sesquisulphidc '»i trisulphide. In. S,— Tins eompound was 
piepiired hy inklei as a In own solid hy healniL^ eitliei nidiinii or its 
sesqui-oxiile with sul[)liur Uv igniting a inixluie of sodium caihoiiato, 
nidiinn ovide iiml sulphur, WinKlei obtained the ses(pnsulplndo of inilnim in 
shninig, yellow crxstals. Thiel lum jiiepjued the sulphide ni seailet-red 
shiiniig einstals hy ignilnig imlniiu sesipn oxidi* in a ciinenb of hydiogen 
sulphide 'J’ho suliihide is not \olatile .at a led heat, hut when heated in air 
it IS decomposed with the iilliiiuile foiiuiilion of indium sesrpn-oxide 

When hydiogen suljihido is passed into an lUjiM'oiis solution of an indium 
salt, indium ses()insulphule is thiown down as a >ell(»w jireeipilate, lesemhling 
eadmnnn snlplndo ni appearance The piei’ipitjitioii is pieveiited h^*^ the 
presence of mineral aeuls except when the aciditv of iho solution is very 
slight , hut acetic acid does not inlnhil the prei ipitation The yellow sulphido 
IS soluble ill conccntiated mineral aeiils 

Indium scsqiiisuliilnde is obtained in colloidal soliitiou by jKiKsing hydrogen 
sulphide into water in winch indium h>'di()\ide is buspeiided. Fxcoss of 


^ Ditto, lend., 1S71, 72 , 8 r »8 , 73 , 1»»8 

= Kcnz, Ber, lilOl, 34 , 2768, 1908, 36 , 2751; 1904, 37 , 2110, Aiivalm,' 

1871, 158 , 372 ; Dennis ami Gee?, Be}., 1004, 37 , 961 , ,/. Ainn. Chrm. Bor , 1904, 26 , 437. 

* ^\ inkloT, Chrvi., 1S67, 102,273 , t'ainolley ami Wulkoi, Ttuns t'lum ifoc., 

1B8S, 53 74, 88 

‘ Ken/, Bet., 1901, 34 , 2763 

® Thiel, Znf<i'h. aiuny Chem., 1904, 40 , 280 , Thiel and KoeJsch, ibid., 1910, 66 , 288. 

® Thiel and Koelsoli, lor. cit, 

^ Winkler, J. prakt. Chem., 1867, 102 , 273 ; Thiel, Zeitsrh amig. Chein., 1904, 40 , 280, 
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hy<lro{:f0ii sulphide ni.'iv he removed by boding, but the addition of an 
electrolyte leads to the juei ipitation ol tiie vellow sulphide * 

Indium se.s*iuisulpiiid(‘ lot ms eithei double or eonipl<‘\ s.ilts with alkali 
sulphides /uilnun mif/i/iit/e, K,S.ln.,S, oi K/Iti^S^), is obtained 

as iiisolul»le, livMciuth led, ipi.idraLio tables when indium ses(jui-o\idu (1 pt ), 
potassium ( .iibmi.ite (fi pis ), and sulphiii (b pts j aie fused toj'otliei I3y 
nsin^ sddiimi eaiboii.ite, the product obtained is soluble in watci, l)ut a white 
precipil.ile of niffnini ftoi/nnn snl/Jniie, Naofln^S,) UILO, slowly separates out ‘ 
Potassium sulphide ;ri\es a while piecipitate, piobably of the composition 
K,j(ln,S|) f li.O, wlieii .idded to the Boliition of an indium salt In escess of 
potassium sulplmle the pieeipitat(‘ rbs'^ohes The addition of mineral aeitl 
to this solution leads to the pi(‘ei[)it.ilion ol yellow indium sulphide, wlindi 
dissol\('s in excess oi the acid Potassium hxdrosiilphide also piodmes a 
white precipitate with an indium salt, but it is insiibibh' iii cm i ss of the 
picei[)ilanl An analoLfous white pnvnpitato is piodmed by ammonium 
suljibide . it diS''ol\cs in excess of the hot, but not ot th(‘ (old pieeipitaiit ' 
Basic indium sulphite, ln^(S(>,), 2In(0ll) nn .o, i^ nhiTm<>d as an 
insoluble, white [iiedpilate when a solution oi an indium sill i.s boilei] witii 
sodium OI ammonium sulphite It dissolves in cold a((ue(iiis sulphiiioiis 
acid, but s(‘paiates out a^am as a erystiillme tiowdei when the sohihoii is 
boil(‘d It loses .‘111 ,0 at 100", and anothei bJI^O at ‘Jt>0" At Lh'^o sulphiii 
diOMilc bej^nns to lie exolved, and wlu'n fintlnu he.ilod a residue ol nullum 
sosqiii-oxide is ultimatelx oblaimsl ’ 

Indium sulphate, In.fSO,), m.iy Ire piepaied bv dissnhiim indium, 
indium s('S(pii oxide, or iiidmm lixdioxide in siilpliuiu* aeid, and eai(‘liilh 
lioatinjj; to cxiiel watei and excess ot sulpbuiie add It is a white solid, 
very hxiriosi opie and ('xtn-mely .soluble m walei, fioiu whu-h it is ex- 
ceodmi^dy dilhcult to etxstallise out a lixdialed sulphate \u emiea h\diat(‘. 
rng(S()j),( OIPO, is said to (‘xist, and an .uni salt c»| ih<* eotiipo>ili((ii 
Iiio(S()j).j 11 ,S()| 81 1 ,0 iH d(‘senbed .is sep.ii.ilm;: from <iri atui solution of 
the Hulpliate whdi e\. 4 ioiated ox'ei eoneentiated sidphniie ai id ’ 

The anhydrous sulphate has a demsity of .'1 1 1 .ind a siiei ilie heat 
(between 0“ and 100 ) of 0 120^' 

VaiioiiH douhli' sniph.ites h.ive been juep.ned liv mixinir iiiflnmi siilph.ite 
poliitions witli solutions of otbei sulphates 'I'iie ammonium-, rubidium-, 
and caesium-indium alums, M.so, ln.(So,). -Jill/) (M -- Ml,, lib. m t’s), 

niii be thus ])iepai(’d, tlie tiist h.ixm^ lu'en disemeied h\ Ihusvh i ami the 
othol.s hy Soiet Lithium, soilnim, and potassium alums aie not Known, 
but sodium indium sulphate, Na,S(), ln_.(S (),4 .S|I .O, ami tlie eone- 
hpondmg potassium, ammonium, and thallium ^.lIts h.ue b. en jueiuied 
Tin' tliK'O alums sepaiate out m it'i^ular (.letabedi.i oi eMinbiiiations of 
the ootahedion and cube. Then ai|m'ous solutmiis ba\e .in .nnl le.idion, 
and wlu'ii henti'd become tin lad owin»' to the sepai.ition ot ba^ie sul[thates 


, * Wiii'^sMigi’i, 77a//. So<. ihim., 1S.S8, pi-Ji 49i 15- . Lnidii hikI I'lcNm, Tjaii'i. I’fom. 

Soc., 6i, KH 

* Heliiu'iili 1 , J pndt Chew , 1874, [ii ], 9 , 20'.>. 

■' Ucu'hiiinl Rii'htci , ./■ prciXf Chrm., lSs:t, 90, 172 , 1804,92, 480 Wiukhi, ihi,f , 1867, 
Z03, 273 , h. E .liinnfni, iMtH, 150, 137 

* I'. K Amwltn, 1871, 158, 37J ; Amt f'lmn , 1''72, |n.], 23 , TjO , 

Thii'l, amiifj Clicm , 11104, 40, 280. 

* R. K Moyer, Annalfii, 1860, 150, 137 

Nilbon and I’etteisson, Her., 1880, 13, 1450; Cuvij'f. tend., 1880, 91, 232. 
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or, in the case of the cnesium suit, mdinm hydroxide. The melting ijointa 
and solubilities of the alums in water (in gtiiins of crystalline salt per 100 
grams of water) are as follows . — ^ 

SolubilitirH. 

Temperature, *C 15“ Ki 5* 25“ .‘10“ 

Aminouium indium alum , ni.p. 5(1*, r 200 .. c. 400 

Rubidium „ „ ,mp 12“ , 412S 

Caesium „ „ , m p » . .S 04 r. 1 1 7 

In the case of the ammonium alum, the “melting-point’' is known to 
denote the tiansition-point, alio\o which llie alum breaks up into tho 
octulndrate and water (Roessler) — 

(NH^)^S()^ WSOJa 24H..O;^=rr(NH,VS(), ln,(S(gj,.HIIp + 16lb_j(> 

Tho densities and refractive indices of tlie alums ior the D-bne at I ho 
ordinary tcmperatuie are given by S(jrot- as follows •— 

NH^ ]IU Cs 

density 2 011 2 005 2*211 

/i 1 4064 I 1638 1 1652 

Indium SCSQUiselenidc, lUoSejj, is obtained bv heating indium with 
selenium and repeatedly fusing the pioduct with beleninm A blown pre- 
cipitate of the same composition is pnMliieed by passing byrliogeii eelenide into 
indium ai etato solution. ’I’lio Kes(piiseleni<Ie is decomposed by dilute hydio- 
chloiioacid with the evolution of hydrogen selenide, and isc\eiituallv conveited 
by nitric acid into indium selenite W hen heated in liydrog(*n, hydrogen 
soleinde and a dark sublimate ([uobably a low'er solenide) aVc piodueed 

Indium selenite, In^(HeOy)g GH.,(). -When sodmm Kelenitc is added to 
a solution of an almuinnim salt, a basic selenite is preei])italcd, which is 
eonyei ted^ into the iioinial selenite when heated with a<picons selcnious acid 
at 60. The noimal selenite is a wlnOi, cry.stalliiic powder, practically in- 
soluble m wal(*r Two acid seleiiites h.i\e larn also de.s( nhed ‘ 

Indium selenate, ln,(Se(gj 1011.4), is prcpaied by dissolv ing indium 
^hydiovide in afpie()u.s solcinc a<*id and ciystalliHiiig the solution Tho 
cijstals ail) liygro.scopic and easily soluble in watei. Wlien mixed with tho 
requisite amount of aqiieou.s c.esiiini selenate, caesium indium selenate, 
ln_,(iSO^)., 24Hj( ), crystallises out in eOloresi eiit cryslals, winch aro 

described as tetragonal hijiyranndH and not regular oelahedia as would ho 
anticipated ® 

Indium telluride, InTc, may he prtfiaicd by fusing together indium and 
tellurium in an .'ilnio.splicie of intriigen It foims a readily fusible solid, 
which IS nisohible in hydroelilorie acid hut attacked by iiitiic acid A hrow’n 
indium tellundo is precijulated when liydrogeii tefliiride is passed into a 
solution of indium acetate •' 


^ • 1^73. fii ). 7J4 . < 'habile aiiiJ Kciigade, Compt. 9ftuf , 1900. 

iQAi 0 *' J» 25 » I*®® I h'ickp, Amer (Virw. y., 

ltfvl| 20y 166i 

I 1"* 1- *3- 5, 18.S8, till.), 20, 620. 

Thiel and KouIbcIi, Znfsrh num.f Chnn , lOlO, 66, ‘2P8 

* Nilson, Nora Afta Sur Upsult, 1875, [m J, 9 , No. 7, Ball Sa>\ r/am , 187.'* [11 1 

23, 494 » I u jt 

® Mathers and Schluederborg, Amtr Chrm Soi , 1908 , 20. 211 

• Thiel and Koelscli, loc. eit. 
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Indium chromate ^loos liot appear to have been analysed Indium 
molybdate, In, indium tungstate, and indium uranate 

are nicnlioned by lien/ * 

Indium silicotungstates. - Jndiiiiii silR‘ 0 tun;;htate IS \ery soluble in 
water, anti two hydi.ites nia} be crv.«>UlliSL*d out from the solution Tlie fiist, 
of the eoMiposilion Jlri .Ojj 3(SiO^ l:i\V() 3 ) ‘J.'IIljjO, joims rei^iilar ocLahedia, 
while the Keeond, with (bill ,0, is tiielinic (a . /> . r =- 0 OOio 1 () 7SG t . a = 

10', lOG’ 3', y---!)0' 12')“ The m-u/ In.O^ H.O J(Si()_, 12\V(),) 4011,0, 
forms monoclinie eiystals (u 6 c = 0 0552: 1 .O*!).")!! , = 3J') ‘ 

Indium and this Nitrooen Oroi'p. 

Indium nitrate, 21n(N()j) — Indmm dissolves slowly in dilute, 

moie i.ipidly m eoneenlMled nitiic acid, .i solution of the nitiale l>eiii|^ 
prodiii'ed In the [irescuiec of nitiie .leid, iiifliiim nih.ite ieadil\ ei \sl.illisi s 
from the solution, liut from aneutial solution it is \eTy dilhcult to ei \ stallise 
the salt Indium nitrate foims (‘(iloui less, delnpiesauit needles, it Joses 
one third of its watei at 100 ami all of it o\er eoneentiatisl sulphiine acid 
The nitiate is I'asiU (hroinposed )>y h(*at, and its acpieous solution becomes 
turbid, owinj^ to the sepaiation of basic '-.dt, wben heatisl fWinklei) A 
double nitrate is foiined willi ammoninm niti.ite'^ 

Indium phosphide, Inl\ is h*lt as a black, eiv-^tallim* K'selne when 
indium mono lodidi' is ineltisl with whiU* phos[)hoi us and tluai luMled to HK)' 
Motalli(‘ indium is only siipeitunally atta(k<‘d 1>\ ])lios|)hoi us > 

Indium phosphate. — The precipitate ol)taine(l bv addling sodium 
phosphati' to an iii<iiuin salt has not }et been (‘xatiiiiK'd in detail 

Indium vanadate. — Indmm salts aie proei[>itated by ainmoniinii 
mcla\ana(late ' 

Indium and hie Cauron (liioi r. 

Indium carbonate (0 has not vet been anaivsed 
Indium cyanide also does not seem to have b(‘en anahsed. 

The platlllOCyanide, Iih| Plfl’N ),|j 2II_,(), loims white, h\gioscopie, 
soluble leallets > 

Indium oxalate, IiH((',Oj) 5 ()lh<), is insoluble m watei and ammonia ’' 
Otlier oi^^ame salts of indium li.i\e bren juejiaied by R IC Meu i '■ 

Indium acetylacetonate, (’()),( Ml |., In, is piepaml b\ he.iiimr 

indmm liydi oxide for ei<rht hoiii.', with a boiling: aleohohe solnlion ol 
acetv laeetune It ervstallises fiom alcohol in Jiat, six-sided prisms and melts 
at 1^.3*, tlu‘ ciystals aie ihombic (bi[)vranndal) ami isomoi phons with 
scandiiiin and fm'iie acetylaeetonates." At 200° to 2^0* il paitly siililimes 
and paitly decomposes Its molecular weiuhl in clhvlene dibromah' solution 
U in accoidance with the above sim])lc foriinila,^ 


’ lien/, Jfa , 1001, 34, UTOS 
“ \V}ioubi)ll, N(i. /nt/it l/o; , 19<'7, 30, ‘277 
' DoMMisauii Ocii, ./ An/ei (%vi So/ , 11*04,26,437. 

^ Tliiel aiul Koflbcli, lut' tit. 

® Wnilslfi, J. pidt. Chi'hi , 1867, I02, ‘273, ihitf , 181)6 98, ‘26, IIu}hse, 

/eiNh iinul Chem , 19 0, 39, 9. 

K. E Mcyoi, Wnxe/f;*, 1''09, 150, 137 

’ Ja(’s"’i, ]‘iuc. A. Akad. U'lliii'^c/i. JmsUidnin, 1914, 16, 1095, Il ■ itav chim , 1914, 
33i 

* Chabii4 and Ri-iigudo, Compt. lend., 1900, 131, 1300, 1901, 132, 47*2. 
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Djiieltiov AM) Km iM VI ION OF Indium. 

Indium fifilts oolour tlio ll.iiiio Iiluihli-Molot, and hpecdioheopio exaniiiiiition 
of tlio li.iMK* iuvlmIs tlie two duimnant lines A4r)ll-5 and \4l0:i 0 To detect 
indiiuii 111 /I mineral, it iiuiy lie attacked witli a(|na ieu[ia, the acid neutralised, 
and, after addiii}' excess of sodium acetate, the bolutioii satin. tied with 
hvdio'.tcii sulpliide The pieciiutated sulphides may then bo tieated with 
liviliocliloi 1C -leid, aiul a speclioscopic test earned out ' 

Ileali'd in tlio reducing' llame on cliaicoal with fusion iiiixtuie, indium 
compounds ^ive a metallic head and a yellow inciustatiou of ovule 

liidmin hvdiovide, freshly pienpitatcd, is only appicciahly solubh* in nn 
excess of conceiili.ited ammonium ludioxide It dissolves in sodium or 
potassium hydioxido, hut is rcpiecipitjited on boiling' the sttiutioii oi on 
Htandm^ Indium is couipletelv piecipitatcd .ls the Indioxuic hv haiiiim 
caihoii.'ile Indium caihonate (') is soluble m cold ammonium caihonalo 
solution, hill i.s iepicci[)itatcd on hoiliii}' the solntiuii Indium salts aic 
prcci])ilateil by potassium exanide, fciiocyaiiidc, or iliioiiiate, but not by 
the iii( Inornate, 'I’he piecipitalcil evanide is soluble in excess of the |ue 
eiiiitant, but on standiiiLC oi bv boiling, indium buiioxuh' s< p.n.ites tiom lb(‘ 
solution Indium feinx'yanide is mncli moie soluble in bxdioebloi u* .u id 
than IS the conospoiulmi; uallium .salt 

In neiitial soliidops, oi solutions aeidilied with aeetic atud. indium is 
comjtleti ly piecipitated as the xellow sulphide In solutions containiiifi: 
miiK'tal acid (e\('e|)t in xon low i onccntiation) the piccipilation docs not 
occni Alkali ''ulphides produce moie com]>lex piccijul.iti’s 

Veiy sill. ill (jii mtitics of indium max be <!eteclefl micioclicmic.illx b\ tlio 
foimation of tubidiiim indium (‘bloiub'- 

Indiiim is piccipil.Ued qu.intit.itivclv fiom its s.dls as the lixdioxulc by 
boiliii!^ with a sli::bt excess of ammonia The picdpilalc is diicd at and 
wciLdied .IS ilu' M sijni-oxide ** In place ol ammonia as pK’Cipil.iiil, dimetliv I- 
amiiu' b.is been siiLV'csted, and .dso metbvi.imme and (Uliv l.imim* oi then 
bxdioi liloi idcs while -Stock's method of pieciiubition (.seep ItiO) ma\ hi* 
adopted 

liubiim IS dillicnlt to sep.uate fiom iron The best metlmd .ippi-ais to be, 
to dt posit the indium ele( tiolxtu alh fiom it> snipb.ile .solution, <li'-sohe the 
deposit, wliieh will still ii Lam a httle non, in iiitiie .leul, neiili.iiis(‘ with 
ammonia, .idd an e(|nal volnme of TiO [lei i(‘]il aeetu .u ui, aial pneijiiiale the 
non by tlu' .iddition of a solution ol nitiov>-/i n.iplitliol m .n etn .n id ' 

For the eleeliolx lie deposition of indium, .i sulphate solnlion contamnie a 
liltl<> flee ai 1(1 max be einploxed Tbid um's a silxensl jilalninm bowl .is 
cathode, lapid deposition max be obt. lined with a meii-nix catlioiie .iiid 
lotatim; anode (lood dejio.sits on pi.itimnn cathodes aie ;ds<i nbtaiiied fioiii 
xxaim cx.imdc or laitiale .solutions, cm[»loyni{i a rot-itm^: anode " 

‘ nuppi’-SijltM, ISCij 140, 'J 17. 

- Klfx, f'h>}ii Zuf , Iflul, 25, .’’>' 53 , 'f Hiiyssp, Zni\>h nnul f’h'in , It'OO, 39, 9 . 

llm-1 and Koelscli, Ziulnh an irif Chem , 1910, 65, 

* IIpiiz, 1901, 34. '27fui , I'aiy, 36, 2751, U'.M 
“ M.itlicis, J. Amn <'hi‘ii\ S-c , 1908, 30, -09 
** i\(illo(k aud Simtli, ibvi , 1910, 32, 1218. 
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Symbol, T1 Atomic weight, 204 U (0 = 16). 

Occurrence. — Tlmllnmi h ono of the larcr eloinciits, and only two or 
tliicc minoiiils uio known in which thallium i.s an e.sisc'iilial coiustituont. 
Crooliemte, iin iipp.uoiitly amoiphoU'> umieral discovcicd by Noidcn^kiold in 
acoppci inino at Skiiki'rmn (Sweden), has the comp().sition T1 17 20 , Sc 133 28, 
Oil 43 76, and Ag 3 71 j)ur cent ^ Lomndife, TlAs.s.„ has been found as red, 
tran.slucent, monoelmic crystals • ft : 1 3201 1 1 0780; 27') in 

Macedonia, associated with realgar - Vrhnile^ 'riAs^SbS,,, also occurs in 
Macedonia, associated with lealgar and oipiinonl It forms oithorhombic 
crystals (u.ft c-OoODO 1 0 48.36) which aie deep led and tianshiccnt 
when small, and give a rod stieak.** 

In small (piantities thallium occurs widely distiibuled in nature in rocks 
and nnnmals, somelnncs in a.ssooiation with the alkali mebils, at othei times 
with non, zinc, lead, etc* Thus it occnis in (u) lithia mica, (ft) svlviiie and 
cariiallite, (c) alnnitc, {d) zinc blende, (e) pyiites, hiematite, and marcasite, 
(/) biaunite, (//) sphalenite, etc® Thallium is also found in cm tain mnioial 
wateis, e (j at Nauheim, and is widely dilhised in the vegetable kingdom ® 
Owing to the oocurieiice of traces of th.dliuni in various minerals, it is 
found ill small amounts in a number of comnieicial products, e (j zinc, 
cadmium, platinum, bismuth, tellurium, ete^ It also occnis in the chamber 
mud and line dust from vitriol factories wlieio thallifeious pyiilcs is burnt 


^ NoidciislvioM, K. Sieiisla Vel.-Ahnd Hinuff., 1866, No. 10 ; Amutlcn, 18t)8. 145 , 
127 

^ Kn inior, Zcitnh Kry^t Mm , 1897, 27 , 98 , (ioUlst-hniidt, ibid,, 1898, 30 , 272 
3 .I(Vi*k, ibid , 1912, 51 , 861 , Kidhlik, ibid , 1912, 51 , 379 

^ Spliraiuiii, Aimnlen. 1883, 219 , 374 , Haitley and Ramagc, Trans Chem. Sot , 1897, 
71 , 933 ; ViTiiad.ski, JUill. Acad Act Ptltoipad, 1909, p. 821. 

® (a) Schiuttci, Aifzutigsbfi A'. Akad. fVtss. Wien, 1863, 4^1 734, 1864, 50 , 21) 8 ; 
./, prakt Chem ^ 1861, 91 , 45, 93 , 275 , (ft) ilanimerbaclier, Annalen, 1875, 176 , 82; 
(r) Uosa.i, Gazzelta, 1878, 8 , 235; />Vi., 1878, 11 , 811 , (<0 Bunsen, Annafm, 181.5, 133 , 
108; Uibain, Compt rend , 1909, 149 , 002, {ej Ciooki's, Laniy, Kuhlmanii, vide infra\ 
Playfair, Chtm. Neu's, 1879, 39 , 245 , Antipotf, J Kuss. Phijs. Chem Sot , 1896, 28 , i. 
384; Inglcbtroni, Zeitsch Kiyal Min., 1895, 25 , 94; (,/! Biachuif, Annalen, 1864, 129 , 
376 ; ( 7 ) voii Kubcll, J. jnnkt. Chem., 1871, [11 ], 3i 37®- 
** Boitgrr, Annalen, 186 I, 127 , 368 , 128 , 240. 

’ Kosmaiin, Chem.Zeit., 1886, lO, 762; Pliipson, Compt lenil, 187b 78 . 563, Waiien, 
Chem News, 1887, 55 , 241; lforei>ath, ibid., 1863, 7 , 77, rintnii. J., 1863, 4 , 302; 
Crookes, Chem. News, 1863, 7 , 109; Werther, J. prakt. Chem., 1863, 88 , 180 , Koepper, 
Amer. J. Sci., 1863, [ 11 .], 35 , 420 ; Stiong, Dingl. poly. J., 1865, 177 , 329 , ZimmormanOi 
Annalen, 1886, 232 , 273. 
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History. — TJiMlhmn 'NHs discovered jiidepetidently by riookes mi Kn^rland 
and Lamy in Fiance. Jliich of these scientists obber\ed a new green lino in 
the spectrum of some inateinil he was exannning, attiibuted it to a new 
element, and succeeded in isolating it (hookea, who in March l«'^fil was tho 
first to make tho disco\ery, was engaged in cUracting hclenniin fioin a di'posit 
obtained from a sulphuric acid factory at Tilkeiode in the Jlaiz At first ho 
suspected that tho new clement was a metalloid belonging to tho sulphur 
group, and called it thallium in allusion to the green eohmi of its h[U‘ctiuni 
line (f.atin, thuUns^ a budding twig) Hl^ eaily woik on thallium was greatly 
hampeicd by lack of mateiial, but he e\eiitually diseoveied the mclallio 
natuie of thallium, and in May IStVJ was able t<M*\hibit a few gtains of tho 
metallic element in powder foim * hamv m.ide his di.sco\eiy in Ajml li'()2, 
when examining the lead chamber deposits fiom the sulphuiic acid factoiy 
of M F. Kiihlmaiin at l.oos, wheie Uelirian px ntes weic burnt Heing moio 
fortunate than Ciookes in liaxmg cmisuleiable m.iteiial at hia disposal, bamy 
was able \eiy (piiekly to establish the metalbe n.ituie of (hallium and to 
e.’ilubit a bim[) of the metal in May l^^O^ , and heloie the end of tho yeai bo 
was able to isolate sexeial bundled gi.ims of thallium and gi\o a lairly 
complete account of the ])bxsical and chemical piopcitics of the clement 
lie sliowed that thallium forms moic than one sera's of compounds, and that 
oiu’ senes eloselv resiunliles the eoiie'-ixtmbnir senes of eoinpounds of the 
alkali metals Furthei, he found that in this smies of compounds tho 
equivalent of thallium is about 20 1, and (with tlie assistance of lb‘giiault) 
showed hy tile application of Dulong and IVtit's Law that this numher also 
represents the atomic weight of thallmm. Duimg the same u*ar Kuhlmanii 
piepaicd a miinhei of oiganic thallium salts, and de la lVo\<»slaye indic'ated 
the is<unoiplnsin of scvoial of tlicun with the coiiespondmg salts of potassium.* 
Dunng the next few years a eonsideiahle amount of woik on thallium was 
juihlished, not.ihlv bv (Vookes, Lam\, I)«*s( Ioi/e,iu\, Kubimann, Weithor, 
Ik/ttger, Niekli's, Wilbii, and (’arstanjen ‘ 

\t the time will'll tbalbum was discoxeied, tlii' lN'iunbe (’lassitication bad 
not bi'en fuimnlatcd, and it piuved a dilbcwU mattei to })laec tbalbum in 
the classificatmn geueiallx accepted at that penod foi the' metals A mimlier 
of thallous cnmpomid^ were ohseixc'd to rc.scmhlc closc'ly the coiic'spondijig 
compounds of lead in then physical piopeitu'S, and exi'ii more icinarkahle was 
the rcscnihlancc between tho actual elements themsehes, lead and thallmin. 
Other thalloiis salts, howovei, xvero ohseived to hci isomoiphous with, and 
to resemhlc quite closely, the c'orrespoiubng nails of potassium Moii'ovcr, 


» Ciuokcs, Chrm Xtus, IPf.l, 3 , m, 30*1 , I'ht/ Mtuf , (iv ], 21 , 301. 

Lcvmy, .Voc Jmpmulr (/rs .SfeTe*' ffr Mny 16, Juih' ‘-iu, ^llg. 1, Sept. 5, Nov. 7, 
1802, i'dTuyt rend , 18()J, 54 , I2f».> , 55 , f<3»; . Ann. ('him. I'/un , 18f»3, Im.l, 67 , UBS; 
Rr^naiilt, Cumpf lend,, IBs'-', 55 . 887, Ann i'/nm, /'/u/? , 1863, [111 j, 67 , 427 , Knlibiiiiiiii, 
Compt rend., 1862, 55 , 607 . 1863, 56 , 171 , Ann. rhm J’hy^ , 1863, [m ], 6rj, 428, 431 ; 
do la Provostajp, f\mpf und , 186'J, 55 610 

3 Crook.-s, Chetn. Neua, 1862, 6 , 1 , 1863, 7 , lOO, 133, 1 1 . 6 , 194, 218, 290 , 8 , 1.60, 195, 
219, 231. 243, 2.6D, 279 ; 1864, 9 , 1. 37. 51 , 1867, 15 , 204 , rhd Mof/ . 1S(j3, 26 , 65 , 
Roy ,S'o,., 1862-63, 12 , 1.60 , Ciookfs and Cliurcli, Chnn Niu">, 186 ), 8 , I , Laniy, 
Ann. Chun Rhys , 1864, fn ], 3 , 373 , 1866 [iv.], 5 , 410 , Laniy and Dmdoi/paux, ilid., 
1869, [iv ], 17 , 310, Kulilnuiin, JUill i’oi ilnm., 1864, [ 11 .] I, 330 , 3 , ,67 , M'l rtlicr, y. 
prakl. Chan., 1863, 89 , 189 , 1864, 91 , 38.6 ; 92 , 128 , 351 ; 93 , .393 , Holtgi'i, Annaloi, 1863, 
126 , 266 ; 127 , 368 . 128 , 210, 218 , Nuklcs, nwpt rend ,1861, 58 , 132, 537 , J Rhntm 
Chm , 1866, [iv.], 4 , 127; Willm, Ann. Chm. Rhys., 1865, [iv-.J, 5 , 6 , Carstanjcn, J, 
praki. Chem., 1867, xox, 55 , X 02 , 65, 129. 
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the six'otriiin of lliallimn wms evtreniely simple anrl very easy to observe, 
resenihliii;; in this respect the spectra of sixliuiii, pol.i‘*sniiii. and the then 
nowlv fleiiiriilv, ni)>idinni and ciesiiim It i.s tln-ieloie not surjiris- 

in^ that Diiiiias siiriiild ii.ue i(‘poited to the Fiench Aciidcin\ that “ le 
th.illiiiiii ollie mie n'minm dc pH)[)iii'ti‘S con trad letoiies qui autonseiait .i 
l’app«-li'i le nii'tal ])aMdi»\.il, loinithorympie des metaiix 

'riM'I.issilx tliallimn witli the alkali metals is cleailx unsat isf.ietoi 3 , since 
the element itself i.s dei idedly diHeient in propeities fiom sodium, potassium, 
etc, and, moieovei, it loims a senes of s.ilts in which it is teivaleiit, to 
olassif\ it witli lead is woise, since the only analojries between lead and 
Ihalliiiiii salts are physical analo'ries between salts of univalent tballmm and 
bnaleiit lead Witli the piihbcatmn of the Peiuxlie (dassificalion, Meiidoleeil’ 
pointed out that th.illiiim should leallv be elassilied with ahiminmm and 
indium, and mad(‘ out a\ery«r()od case loi this contention- llei ailing' the 
fact that when tin* elements me aiMiiired in the iiiensasin*^ oidii «)f tlieii 
atomic weights, aliuiiiniiim ooiiu's between magnesium in (boii)) 1 1 and silicon 
in tlionp IV, wliile thallium comes between meiciirx'in (lioup II and lead in 
(ilroup IV , the ease may be stated almost exactly as it was irnen by MendcNVtl 
Only the liiLrbesl oxide of meienry show's any analojrv with ina^Miosiniii oxide; 
only tlie hiuliest oxub* of lead shows any analogy with siliea In tin' same 
way, only the Inchest oxidi* of thallinin shows any iiiialo^^y with alumina 
Maj;nesimn and meieniic oxides me basic oxuh's and j^ixe ii'^e to salts of tlio 
type MX,, aluminium and tballie oxides aie moie feelile Irises and uixe rise 
to salts of tin' typo MX.^, silieie and plumbic oxides are feeble at idie oxides 
Thallium j;iv(‘s, iiideperideiitly of lhallie oxide, a lowt'i* oxnle which is a 
poweifiil base, alumiiinun loims no lower basic oxnle Stii((l\ an.ilo^oiis is 
llie oxistonct' of basic oxides of mi'iciiiy and lt‘ad low(*r than meicniicand 
pliimlno oxides, and the non-exisic*nce of lower oxides of mauni'snim and 
Silicon The hii'ln'r oxides of the foimiilfe Hp(), TlJ) , P 1 » 0 „ and Hi.Or, aie 
peroxides lolatively to tin* lowt'i oxides of the formula; Ilir.O, Tl,(), l*b(), and 
liioO,, and p;i\e oil oxx'rtm when heated The highei ehlonde of meieniy is 
stable, that of tballmm unstable, the tetiaeldoiide of lead vei y niislable, and 
pentaehloiitle of bismuth non-existent liismuth tiichlt)nde is decimiposed 
by water, and lead ftli)cliloride when hcatetl in steam, but tli.dlons elilondi' is 
stable. Tliallmin is loss X'olatile than meieury but inoii* so 1 ban li'ad. The 
Hiinilanty lietween tliallous and alkali salts is no moie lemaikable than that 
between the plumbous s.ilts and the salts of the alk.aline-eai th mcl.iU, or that 
between bismuth salts and the s.ilts of eeitain elements of (Jninp III. (see 
p. 2 .’U). 'riiere is, then, no more dillieulty in ]>l:iciiii' thallium in (Iionp III 
than there is in [daein^ mercury in (Jroup H , lead in (lioiip l\' , or bismuth 
in (iron]) V. 

Preparation.— Tlie b(‘st sonn-e of thallium is th.allifcioiis non pxrites 
All dciiosits of ])yiites do not contain thallium in appieeiable qiiantit i lijimy 
mentions the Rcl}?iaii pyrites from Theiix, Namur, and I’hilippexille and 
certain Spanish jixntes as beiiiir particulailv rich in Ihalliuin 

Methods foi extiaetmii thallinni fioin thalliferoiis ])yiites h.iNc been 
desciibed, but aic laiely, if ever, used Thallium is luxst obtained fiom the 

* Dunias, IMonzc, mid Devillo, Krnoit to the Firncli Aciidi'iiiy, Commit, nnd., lhC2, 55 , 
866 ; Ann. Chun Phin , 180:1, [in 1, 07 , 418 

^ Mpiideh'pll, Annnhn Snppl., ].S7‘2, 8, 1.33, 01 Cfttm. yrvn, 18711, 40 . 231, etc., 1880, 
41, 2 , etc. ; c/ Otto, J prakt. Chem , 1867, 102, 185 , Eidni.iiin, \l>id , 1803, 89 , 381 ; 
Ramnu'lsbeig, Btr., 1870, 3 , 276 
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flue (lust or chainLcr deposits from bulphuiic iicid woiks in wliicli tlialli- 
feroiis pMitL's i', lull lit. 

Villi' dust, wliii'li cnntains tli.illiuiii, li'.ul, aisiuiic*, seloniuiii, etc, is re- 
peiiti'dly lioili'd willi uater slii:!itl\ Jicidilied witli .sulpliUMi' iicidd Tim 
liiti'it'ii viliitioii Is ('(iiici'iitiated and tlie th.illiiiiii [iK'cipit.di d Lv intro- 
ducin'.; nifl.dlic /nil' into tin* solution Tlialliiiin is tlicieli} pict ipilatcd in 
the toini of needles or jjlittei inu^ plates Alteinativo pioceduies aie to pre- 
cipitate tlm tli.dlnini as thallous cldoiide hy adtlini; a soluMe cliloiido, 
or .Ls thallous snlphide hy addin*!; sodium caihonate, filtcim*.; fioiii [)io- 
ci[ut.itrd iinpiinties, addin;' potassiiiin (.yaiiide, and then satin at in;; with 
hydroHcn sulphide 

la’ id i h iiuhor deposit - is neutiaiised with lead o\ido oi lime and evtiaeted 
with hot walei The solution is lilteieil and oonci'iitialed, and the thallium 
piccipilaleil IS luclal, ihloiide, oi sulphide as di'scrihcd above 

'I'he /me sul]>hate mothei Injiiois obtained fioin a white vitiiol laelory 
at tJo^ln in the llai/ wen* found bv riuiisen ’ to vield 0 do pi'r tent of tlieir 
we'Lflit of (halIou> ehloiidc The thallnini in such a solution ma\ lie pieeipi- 
tated li\ means of /me, the deposit, eontaniine a htth’ ea*lmium and eojiper, 
tii’.ibd with dilute sulpliuiie acid to dissolve the thallium and eadmium, ami 
the thallium pieeipitated as thallous iodide fiom the tilteied solution 

The (Hide met.illie thallium is piiiitied ‘ bv eonveitm*; it into thallous 
sulphate and tieatm;; the sh^rhtly acid solution with hvdiojjui suliihide to 
elmim.ite liaees of menniv, silvei, aisriiie, antimony, and bisiniith The 
lilteied solution is tnated with .imnionia to lemovi* tiaeea of non and 
aiunimmm, and the filti.iti' eoiieentrated until thallous siiljiliab' eivstalliscfl 
out ( 'iiide th.illoiis eliloiid)' Is slow ly add( d to hot, eoneen 1 iat('(] siilphuiic 
aud .111(1 the mass he,ite<l until all hvdioeliloiic aeul is ('xpelled Tho 
solution I-', .Is 111 th“ pieeeiiiii'a i.ise, pin died bv sueeessivi' hydiOL'en siilplndo 
and .mmioin.i tie.dmdits, and th.alhais .siilpluto then eiystallisi’d fiom the 
.solid lou A sinnlai melho(| of tie.itnient niav be applied to eiude thallous 
sulphide l''ioni till' pine thallous sulphate, thallium is most conveniently 
olitaiiK’d 111 a .state of pin it v bv eh'elioKsis, as <h*seiib*d by J'oeistei '' From 
jniie lh.dl(Mis iodide fehloiideoi bioniide), thallium in.iv be piej).ned by fusion 
with pot.ls.^mlll ev .innh' and sodium i aibonati' ( U ei thei ) 'riiallium may be 
also prepaied hv heatiii'i I h.dloiis o^.il He in a (oveied erueible fWillni) 

Properties. "fh.diMim is a bluish white metal It is sosoiith.it it (an 
be sei.itehed with the Imuei n.ul .ind cut with a Knile When fresldy cut it 
exhibits a bii^hl iiietalb( luslie The metal is evtiemely malleable, but haa 
litth' tiii.ieity Its slnutine is ei v stalline, and when a b.ir of thallium is 
bent It emits a .sound lOMMublim^ the “ei\ of tin ” Thallium exists in two 


' (.’hjdkc'-, f’finii X 7 / 1 , ISrtt, 8 , l.'iO, liiill;{<!, Amuderx, 18()3, 126 , ‘Ji !6 , 128 , 5!48 ; 
(’ai-laii.i( 11 , (//!'/ , lOI, . 102 , I'ia , S( ImHihi, Ihmil fifth/ ./ , 205 , Sf) ; 

Sif.i'n<i<ilii) A' .Ihinl ll’i',', ll'if'n 1871, 63 , 17«! , (iiniimi;;, AV/ S>,r tliini , |u.], 

10 , ‘J.Vi , ./o/i .*<, 3 , Sf) , Ai(t/ki, Atfh /’ha, in , ]'*7.'> |m |, 7, .'585 , /hinfl, 

/iii/ii , 187(5 219 , J()J SfdllM, ( /ic;/i .s'fd „//.(./, Is 7 i, 27 . 873, Ki mso, // 017 / /mfu , 
1S7:>, 217 , ;52', , Wciili, I, ./ f„„U. (hill) . IhDl, 91 , :5S.5 ; 92 , 12.8, 351 ; Wnlilcr, AnmiUih^ 

U07. 142 , ‘JfjlJ , 1872, 164 , 74 , I'di'istir, /.fits'/i anir'/ ('hrm , 1897, 15 , 71. 

“ huiiy, Ann ( him I’hns., 1863, [ni |, 67 , 'Wt 
I’lMiscn Anntrhii, 1 ss.'i, 133 , io 8 , .S(’)iiiin.inii, ifm/ , ISs^^ 249 , 310, Harthtt, J, 
Ch.m /(If/ , 1880, 8, 896 

* On the prcjiaiatidii of pure tlaalhuiu m-c Cruokes, I’hil. Trans , 1873, 163 , ‘J77 ; 
Chrm XiVH, 1874, 29 . 14. ete 

® F'onster, /nhih nnvKf ('hem , 1897, I5» 71. 
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modifications which are cnaritiotropic ; the transition-point is 22G' C, and is 
lowered G" for an iiiciLMse of pressure of 3000 kilos per sq ctn. Accordingly, 
as tho tcMJipciatiiie is raised through 226* a contraction in volume occurs, 
amounting to 0 0()t)011 cc pei giiun ' The density of thallium is 11'85 
at 20" C ,- the coefliciont of expansum (O’ to 100") is 0'00003135,® and the 
cornpiessihility coellicicnt is 2 .33 x 10 ® per atmosphere.^ 

Thallium melts at 302’ ±1’ C.,® the volume increasing by 3 1 per cent, 
during the change.^ The latent heat of fusion is 7 2 cals per gram ^ In 
vacuo, thalliiiiii commences to volatilise at 174’, and boils at 818° under a 
pressnio of 1.3 cm of its own vapour** It is said to )»oil at 151,3’ under 
normal jiressnu' \on AN'arleiiherg, however, gives tho following values for 
the vapour piessure of thallium . — 

Temperature,’!'. . . 6.'U* 783’ 970’ C 

Vapour pi cssu 1(5 . . . 0 056 1 329 2131 mm of Ilg 

and (‘stnnat('a tho hoiling-point to be 1306° The mean speeilic heat of 
thallium betwcf'ii 20’ and 100’ is given ns 0-0325,0 0336, and 0 0326 by 
Lamy, Uegnault, and Schmitz i cspi ctively , between - 188'' and +20’ the 
mean value is given as 0 0300 by Schmitz and 0 0290 by llichards and 
Jackson '* The hpecilic lu'at is 0 0277 at - 177 3’ and 0 01 13 at - 250*1’ C 
Tlio electiieal eonductivity {a) of thallium (in rceipiocal ohms per em. 
cube) at various temperatures is as follows — 

Temperaluio, ’0. -180’ -80’ -10’ 0’ +20’ +00’ +100’ 

•rlO* 20 11 8 51 6 83 5 67 .3 28 4-51 '4 0t 

The specific lefiactioii of thallium iii ils s,ilts is ((Gladstone .and Dale’s formula , 
Ha line) 0 106, and the atomie lefiaction is thcicfoio 21 6 Thallium and its 
coinpomids arc diamagnetic (Lamy), the m.ignetic susceptibility of thallium 
at the laboratory temiicratuio being -29x10 ® c gs electromagnetic units 
per unit \olume *''' 

In appcaiancc, baldness, elasticity, density, fusibility, specific lu'at, and 
electrical conductivity it will be noticed that th.album closely icsembles h'ad. 
The clectiomotive liuliaviour of thallium is diseusH'd later (p 173). 


^ M Wciiici, anotg Vhem , 1913, 83, 275, cf. Levm, ilnd , 190.5, 45, 31, 

WilliaTiis, \b\d., 1906, <0, 127. 

^ Richiiuls and WiKon, (*>ti neijif Institution Publicnfions, Washington, 1909, Ni> 118; 
Zextsch. phifsikal Vhem , 1910, 72, 129. 

** Ki/Piui, Cohipt rend., 1869, 68, 1125. 

'* Ricliaids and otlioi.s, .T" Jmer Glum. Sor , 1909, 31, 154 . 191.5, 37, 1643. 

® He} cock and Neville, Tinns. Vhnn Soi , 1894, 65, 31 ; IVln-iiko, Zeihrli. anorg. 
Cliem , 1906, 50, l.'t3 , sen Ihiigess, J IVashingtou Aiad Sn , 1911, i, 16, tViem Neus, 
1911, Z04, 165 

• Toepler, Wud Annnlen, 1S91, 53, 343 ; raclici, Niiovo f\menio, 1895, fiv.], 2, 143 
^ Robeitsoii, 'J'lani Chein Sor., 1902, 81, 1233 , c/. Heycock and Nt-ville, /or cit. 

® Kiafftaiid Knoehe, Jier . 1909, 42, *202 

• Isaac and Tammann, Zeil},ift anorg. Chem , 1907, 55, 58. 

von Wartenbeig, Zcitsrli EUktrochem , 1913, 19, 482, cj hiafit and Knoehe, Inc cit 
“ Lamy, loc. at. (n 165), Re^uiault, /or. at (p. 165), .Schinit/, Proc. Roy A’oe , 1903, 
72, 177 ; Richards and Jackson, Zeitsch physikal Clum , 1910, 70, 414. 

\ ** Ncnist and Schvvcis, Sdzungdier K. Akad. JPiss. Berlin, 1914, p. 355. 

’ ** Inteipolated fioni the data of Dewar and P’lenuiig, Phil. Mag., 1893, [v.], 36, 271 , and 
Dickson, ifiid., 1898, Lv-l, 45. 62.5 , cf. dc la Rive, Compt. tend , 1863, 56, 588 , Matthiessen 
and Vogt, Phil. Mag., 1863, [iv ], 20, 642 , Pogq. Annalai, 1863, ll8, 431. 

“ Gladstone, Proc. Roy Six , 1897, 60, 140 . cf. Valsos, Compt rend., 1873, 76, 224. 

** Honda, Ann, Physik, 1910, 32, 1027 ; Owen, ibuL, 1912, [iv ], 37, 657. 
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The jlamt, arc, and uparh s]H'rtiri nf th.illium aro fhaiiictenscd in tlio 
visible Kjrioii by tbo j^Mocn niy A .i.'J.'jO-T, the obserxalion of winch led to tho 
discovery of the ckMoeiit by (’lookcs ' Thi* most lines in tho aro 

and Kpiirk spcctia aro tho following (I'Aiiei :in<l llandiek) --- 

aic. 2709'33, ‘J7()7 ‘Jd, 2918 * 42 , 3229 89, 3519 * 37 , 3529 * 53 , 

3775*89, 535070 . 

spaik : 3519-37, 3329 53, 3775-89, .53.30 70. 

The most pfr$istent linra in the sjiark spcetiiim, and therefoie the lines that 
flhoiild he l(,oked for when seekmj^ tiacesof th:dlniiii, are (K\iH‘rand llaschek’s 
\^.l^c lenu'ths) 229^^ 25, 2.3.30-91, 2708 00,* .3091 8 S, 3519 .35,* 3775 89,* and 
5.350 09,* those astciisked being the most scn.siti\e ** 

('omnieici.il tli.dliiini, when Hjicctroscopically cx.annncd, is found to con- 
tiim trill es of lo:id, tin, co]>per, and alnminiuni * 

'riialliiini does not unite with Indiogen^ With c.ach of the halogens 
It oomhines <liiectly When he.ileil in oxvgen, thallium is eonveited into 
tliallons or tli.illic o\ide, aecoidmg to circumslanees 0 /one leadili .itlacks 
it iit 01 dm. iiy tempmatiiK*, jirodnciiig tliallie oxide*' 'I’h.-dlmm oxid’si's in 
an, slowh at the oidimirv tcmpei.itnre, lapidly at 100* The oxidation also 
oeems iindei w.iO'r contamiiig dis^ohcd an, so that th.dlinm ih best jiresm-ved 
undm .ni-fiee water or glxceiol At a led heat, thalliimi decomposes water. 
Tiiallinm comimies diK'cUx with snlplnn, si-lennim, tellnrintn, phosphorus, 
arsenic, and antihioiix, hut not with rat lion, silieon, snid boron It is unaetod 
upon hy oiiihon dioxide at 300'’ Thallium is insoliihle in Inpiid ammoinii^ 
'riiallium dissohes in mmeial acids with the foimation of ilialloiiB salts. 
The actinii IS xcivslow with hydiorhlone acid, (iiiieker with .sulplnirio acid, 
and lapid with inhic acid Kxeept in the eases of intiic and concentrated 
sulpliuin .icids, lixdiogen h exolxcd Th.illiinii reduces potassium pernian- 
gaii.ile at tho oidiiiaiy tempeiatme 

In' accord anc(* with its position in the electromotive senes (p 173), 
thallium readily displ.ieos gold, sdx'er, meicmx, <oppei, .ind lead fioin acpieouR 
solutions of then siills. 

Thallium is cmploxed in the maiiufiictuie of ceit.aiii kinds of optie.'d glass 
of high rcfiiietixe indc.x, smee llie salts of tlialliuni arc eli.iiacteiisc<l by their 
unusually high refiactmg powei '' 

Atomic and Molecular Weights. The atomic weight of thallium is 
equal to its eomlMniiig wenrht in th.dh, us salts or thiee times its comliiningf 
weight in thallic salts Tins follows tioiii tho isomoiplnsm of ( 1 ) numerous 

^ TliP green lay is milly a triplet (K.ilny an<l IVu.t, Ann ('him /'hin , [vu.], 

16 , 115! 

® Kaysi'i, Ihniilliuih der Spelfios^i-pir (I/sii/ig, 1900 12), \ul \i, p. 700, a 

bi))liugi.ipliy will be f<iund; Exncr and IltiM'lick, Ihe Sptltnndn hhincrtle hn nurinafem 
//net (Leipzig and Wicn, 1911), Huppers, Xeitv’h rhutuihKm , 1913, 13, 10 (aic). 

’Hartley, Phil. Trans, 1884, 175 , 1 325, de (iraniont, Ounpt tend, 1907, X 44 , 
1101 , 1910, 151 , 308 ; 1914, 159 , 5; Hiirtlry .ind Moss, Puir /l„if Soc , 1912, A, 87 , 88 . 
For tho vacuum tube spectrum of th.dliuiii, s»e I’ollok, Sn Pror. Ji>nj Dahl AW., 1912, 

13 , 20 ‘L 

* I’ollok, Set Proc. Roy Dubl AW , 1909, 11 , 338 

Tniiist and Iliutcfeuille, Ann Ckmi Phys , 1874, fv ]. 2, 279 

• .'4cliiinl)«*iii, ,/ pidlt Chrm , 1864, 93, 35 
’ Seely, ('hrm Knis, 1871, 23, 169. 

Lamy, Hull. S<<e rhim , 186ii, [n.k 5 , 161 , ScliiylU-r, J. pialt I'hnn , 1867, 101 , 
319 , see also pp 189, 190, 192, 200 
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thallous, poLassimii, iiiliKlnim, ainl (‘ji'mimm salts, (ii ) tloiihlc thallic 

litilidos wjtli the fui n‘Sj)nn<lini; iiKiiuui •'.ills -)). It is, iiioioovt'i, jri 
iKiiiijony Nvith Diiloiiic and I't-lil’s I au 

atoiiiic wcii^lit of tliiilliiiin * li.i.s 1 «*cm dt'loiinincd with gusit caie 
by ( Iiookc'i," wlio cllcctcd tho suithi"'is of llidloiis nitiatc. As tlio mean of 
ten i‘\tii'MM‘lv coiiroidant expenmonts, he obtained the following lesult 
(0=lli 000, ‘X--- 11 OOS; — 

Tl TLNO;, 100 1;10.{!)10 .Ti- 2 oto;u 

The (lelri mm.iLioiis of lA‘[)ien(‘ ' may be looked upon as yielding corioborii- 
tivo e\i<l(‘iifo 111 fa\oui of Ciookes’s \.ilii(‘, the le'^iills langini; fiom -01 OJl 
to LM)1 .‘100 lor tlif‘ atoime weight, ami bi'ing dmixed fiom the aiialxsos of 
Ihiilloiis hiilpliate, Ihallous nitiate, ami thallie oxide ■* The xahio at piesent 
accepted loi the alomic weight ot thallnim isTl=204'0. 

Aocoidmg to Ihlt/ and Me\ei, thallium \apom at about 1 700“ is diatomic 
Their leMilts, howexei, an* uuieliable, ‘'inee thdlium atta< ks porei'lam, of 
which then appaiatii'. was m.idi', and xoii Uaitenbeig has loumi, by using an 
indium bulb in a Vietoi Me\er \ap<nir density afipaiatus, that thallium 
xapoiii IS ('^selltl.dly moualomie, the mohsMilui weight being about ‘J'JO 
In diluli' solution in mmeuiy, lb(‘ mohsMile of thallium is monatom le, as 
has lieen .shown by the \a[»oiii ])res^lne deO'rmmations of llamsax and of 
'ramniaiiii, and the K M V measuumients of lliehaidsaml W iNtm Moietnei, 
it is moiiatomie in dilute solution in tin, hisniulh, cadmium, /me, and sodium, 
us the ovpeinm'iital and e dculaled values foi the depK'ssioii of the fiee/ing- 
point ol the soUeiit show • 


I)o{m '.'.loll of 

I /niii poMil 

.Solvent. ! 



• Found 

1 

(hlmlitfd I 

Tin 

2 '* 

3 r 

Uismuth . . 

. ' 2 u’ 

2 2’ 

('.idiiiKiin 


1 I.' ! 

Ziiie 

> .'. (»• 

5 2’ 

Sodiiini 

1 2’ 

1 U 

1 


1 .Si'O Claiko, J }le,nh ufatiiinoi the f/itnin /!'« e/Zitv, Sul oil. (‘ .Smillisnin.in Mi..(t11.iiio(.ih 
C ollivtiDiis,” Mil fit, No y, lillO), p 273 

^ CiDokoa, I’liil Txtns , 187 !, 163, 277, Chun. Aio, 1.‘'74, 29, H, oto 
3 LcpiiMio, Jiul/ St),' thin, , 181*3, [111.J, 9, Itil), ISSM, [ai i, ll, 123, Compt tend, 
1893, 1 16, .".80 

^ Foi ollior (li'loiiiim.itinns, son Lirny, -//*« Clum , 1803, |ni ], 67 HO Ilolilm 
hug, Juvithn, 134 , 11, Wntlioi,/ praU (Vujn , 1864, 92 , IJ.'i. ; WolK and 
reiiliold, .hti,} J S,i , l.S'.'l, Iml 47 , 16*1 

" II llilt/ftiulV Mo\oi, /A r , IS.**!!, 22 725, II WiM? ^ Zeihch physdal Chem , 

X9, 385 , von Waitonhoig, Zed'^h luio/g Ch>m , IO 07 , 56 , 320 

** Kaniviy, 7’ni/is. f'htm , 1889, 55 , 521 , T.iiimianii, .^rj/v/i phhikal f'hfin , 1889, 
3, 441 , Kioiiauls and Wilaoii, d/id., 1910,72, 129, Ctirneqif Inditnhon J’nbh>,ifio,i\, 1909, 
No. 118 ll IS more coTiei't to say tliat tin* niolvoiilcs Tlllgr exist in a dilnto sdIuHou 
of thiilhnni 111 nii'ieuiy (J Hildt bi.ind, ./ Jnui Cheni ,s'<« , 191.1 35 . ■’'01 , .1 llildelnand 
and E. 1). Mastnian, thid , 1915, 37 , 2152 , M ‘Phail Smith, ifnd , 1914, 36 , 847 , lieckiiiaiiii 
and Lioschi', Ziift^ih. niwiq Chem , 1914, 89 , 171) 

1 Heyeock ami Noville, J'nms (%'m So,', 1889. 55 , 666 ; 1890, 57 , 376, 1892, 61 , 
888 ; 1897, 71 , 383. Tin* exiieiimeiitiil niimluis lei'iiMSit Hie dipie'snn jiii.diieed by 
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(^OMPOIWOS OK TIULMI M. 

General. —Tlialliuin Joims two seiu*s of salts thoUoua s.ilts (TlX'), 
doilNOd llOlll tlu‘ pONM'lfllllv ImsIC (Tl.O). .linl 

«///.< (Tl\|), (l(‘inc(l tioiii tli(‘ worilvK basic ovkIo (/m/lic n,n/t |T1 ,(>.,) All 
the salts ot ihalJiuni aio ptusonoiis, pioilin iij«; Hyiii])toms like tlinsc of lead 
poisoning * 

Thallous (’<)iii))omidh and iho compcmiids of the alkali metals have iiiaiiv 
points of smiilanly 'ilie salts deinod lioiii (olomloss acids aie ^eiieially 
1 ‘oloiiiles's, and tlio-'e wliah .iie soluble in w.iter <i\.slallise ic.idilv, usually 
asanh\dious sails 1 he\ aie \olalileat a led heat M m\ soluble thallous 
salts ,11 e isoiiioi jihou> with the conespondiUL^ salts of ammouium, pol.is'.iiim, 
01 lubidjiim, a f.icl that was cailv lecoouised Thallous h\dioM<ie is a, 
stioii!' base It is leadih soluble in watei. loinimtra stiliilion which leadilv 
absoib>> caibon diovide, is soaps to tin toiu h ,iii(l alkalim* in ie,u*lion 

lloth III apjieaiaiice and in solubilii\, .i numbei of spaiin^dy Kolublo 
llialliMis salts ((blonde, biouiid(‘, iodide, sulphide, cliioinal(‘, elc) closelv 
le.sciiible till' ( OIK s|i(judiu^ salts ot had 

In aipKoiis s(,|iHioii the thallous salts aie ionised to .ippio\iiualel\ the 
saiiK ('\teiil as the coiiespitndiiiL^ salts ot the alk, ill metals Tlu' loll(>wing 
lilies loi the pel ('eiit.iL^i* dissoi liitioii at 1 ’ arc <j;i\en ])v A A No\eH and 

r,dk 


X'MMl dll\ 


001 


ODL* I U"1 


0 01 


I 

0 0‘j 1 0 or» ! 0 1 


0 i> 


'IK 1 
lit 

! 'UNO 
j TI.so, 



r> ' 91 2 ' '»! r, ' , I 

H'. 1 <j:* 6 I <'0 S ' srt 

'*<> 7 I " I S (la || j S M 7.S 'h 

oi> t ' hs J '3 7 j 7s 0 OM 1 (,2 



Un.iiii ,1 ilulliiim Ml ino ,i..,i,so| nlMiil (he (ahukilMl nuiiih.is iiic IlioHO 

.hinc.i Nan’l lI..llMMnimli(V..l I p ] n; l..r 1 oi, n,„I,, „!( of solute in 100 munis 

ol s,,hpi,t ,ui>i < ill 111, 111 (I til 100 m, nil <,| sohpiit I'lii S, ilium, K (billitlis’ \alu(* for 

till- lat.iil 111 .if ..I ti.MOii ol soiliuni, 27 ( ib p. . jr, nu, w is used ((Jiilhtlis. 

So< ,1011 A, 89 , raJI) 

* biiiiv, r.nnft ,,ml , 57 , llj, |'.iul. l. dW, 1 .S ..3 57 , 4 H 1 , miiki’, thol , 189(L 

III, 57 , ( ilKi, < /inn /nih , isQ'i, p s.'js ^ is'.is, p I'jO ^ 

^ Tlic lil( i.iiiin- nil llic ivaiiDiphisninl liiiillium sills is \. I) ( \iriom .Sm> di lii Provo- 
('vin),t. r,n,l l.stjo 55 , eio inu /%,/ Maq , ].s«..{, |o 1 , 25 , 218, Millor 

/'-Of y.'.-j/ So! 1M5.5, 14 , .r,V. , W.ilhci, J pntkt I'/nni, 18»;i, 92 , , ’Willili, .^Ivn. 

f'hnn J'hus^ I.'’!).', [n 1 , 5 .:), Ioni\ .m«l I). schu/.Mux, r/m/ , It-Dl), [ii |, 17 . .310, Itoscoo 
./ r/inn .SV , Lsdi), 19 , :VM , K.iiiiin. M.riK, //. , , 1870 , 3 , 070 , AnnitUn, 1872,’ 
146 , :.'i2 , .Sdimili r, }Ur . 1871, 7 , 07'. h,. k, /-/'v/z Kiy^t M,n , issii, 4 . Ih82 6 

loO , 18S8, 14 , j4') . 1.S97, 28 , .{Jr W\ n-ultnll, Hull ftiin\ 1/r« , l''.''J, 5 , .32 , I 881 ’ 
7 , 119. Diifut i'lnniit. nml l.^Sl, 99 . m. 7 . .snivl, ilwl , 1884, 99 ’ HOO , b’r pn-M u ami 

I. ,iplmuil, j/.zf/ . is'il, 113 , 191 ], KHl'cis / r,/ ./f (•hy'iikul (%m , 4 , 02,3 1‘'91 8 

II, ]{iin/(>lin<iiu, ihi‘l 1 ‘‘91, 8 , .513 , \.III K)k, z/.(f/,, 1899, 30 , 4o0. lOnVi, 51 . 7j 1 /Vof,’ 

K Akntl. Uet,us,'}i . 189 'i, 1 2j 9 , tJ-ssiuT, ,K-// KnN Mm , 190.3 38 , 1 lo ” .Sloiten- 
h<kci Her hur thnn , 19U2, 21,87. 190.5, 24 , :.3 1907,26,218, Wills diid’ Piuifndri, 

AUtsrh (nxnuj ('hdn l‘'9l,6, .312 Purim iiid koitiiii, iftrd . 1902, 31 , 4.51 , Xon'saiid 
H.ip^MiKl. t'hf,,} WfMs, ls93. 74 217, TiitIi-ii, /';»-■ A'--?/ Sue., 1907, A, 79 , 3.'j1 , 1910 A 
83 , 211 , \\ft11api’, /-(/w/i K),iA Mm., 1911, 49 , 417, Knsciihiisi li, ihv/ \ 1900. « 99 - 
\N alh-raut, AW/ Sue f,nv(; Mm 190.'> 28 , 311 . ’’’ 

® A. A. NnyesanrJ Falk, ,/. Amei Chem Sw , 1912, 34 , 454 . 
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At 18* the ionic niohility of the th;illou8 ion is G.! anrl, jirlopting 
Kohlraiiscli’a value for its teiii[)t‘rature-coeflicu‘nt, the ionic mobility at 
25* is 75 48 The coitosjuuhIiiij' value for potassium is 64 7 at 18*. The 
transpoit niimbci foi tlie thallous ion in dilute solution is 0*479 at 25“ ^ 
The eijuivaliuil conductivities at 25“ of a number of thallous salts are 
tabulated below — ^ 


V - 

4 ' « 

' 

1.1 

32 

61 

128 

256 

612 

1021 

TIOH 

182 0 200 0 

217 0 

2,30*0 

238*0 

241*0 

248 0 

248 0 


TiF 

1 

115*9 

120 6 

12.17 

l‘Jd 2 

128*1 

130*1 

TlCl 



... 

1.19 6 

143-1 

145-1 


TU'IO, 

. 

123 6 

127*8 

129*8 

132 1 

134*2 

135*4 

TICK), 


1*29 3 

134 0 

137*0 

139 6 

141 9 

143 7 

TlHrO, 




122 9 

1*25*5 

120 3 

128 1 

tiiOt ■ 

... 





111 5 

112 0 

Tl^SO, 

I 101 ] 

! 113 1 

122 9 

131 2 

133 3 

143 1 

146-4 

Tl.S.f)„ 



1 1.31 7 

141 9 

161*7 

160 2 

166*7 

170 6 

Tb'SeOa 



, 8.10 

94*9 

106 1 

116 2 

12.3*7 

130 8 

TI 2 SCO 4 

' 


111*2 

120 7 

129*0 

131 7 

138 6 

142*2 

TINO, 



1 128 7 

133 8 

137*6 

104*1 

142*0 

142*6 

TlIM‘0, 




96 9 

101 1 

104 0 

106 5 

108*7 

TlaHAsO, 


70 1 

j 74 3 

78 3 

31*2 

82 8 

84 2 

S5 4 

TlaCO, 



93*5 

. 107-3 

119 2 

129 9 

137 1 

143*4 

TI2C.A . . 



0 

0 

i 118 0 

128 6 

139 0 

117 7 

153 6 


Numerous investigations have been earned out dealing witli the 
influeiK'o of other salts on the solubilities of thallous salts. The results 
may bo briefly summan.scd as follows For uin-iinivalcnt tliallous salts 
tho chaii^^'S of solubility caused by other salts aic in qualitative agreement 
with the deductions from tho ionic theoiy and tho law of chemical eiiui- 
libriuni, and ipiantitativo agreement, though never exact, is approached 
most closely with the least soluble thallous salts For umbivalent tliallous 
salts, tho solubilities are allected by salts having a common univalent ion 
(i.f. the thallous ion) m a similar m<aimcr; but the influences excited by 
other salts, having bivalent ions in common with the thallous salts, aio not 
even in approximate agreement with thcoietical deductions unless it bo 
assumed that tlio unibivalent salts undergo dissociation m tivo stages, eg. 
^ffljSOj^^Tl' + TlSOj', TlSO^'^-Tl +yO/', and that oven in dilute solution 
the coneontrations of the intermediate ions are considerable * 

Thallous hyilioMdo is cousiderably less stable than an alkali liydroxido 


* Rales,/. Amer. Chem, Soc., 1013, 35 , 519; cf Kohbaiisch, Zeifsrh phvsdnJ. Chem., 
1905, 51 , 711. 

2 Kilk, /. Amer. Chem Sue., 1910, 32 , 1665. 

2 Fiaiiko, Zeitseh ji/iifsikal i'hnn., 1895, 16 , 463, see also A. A. Noyes, Farrell, and 
Stewuit, vuieinfia, liiay and ninuighoir, luie infra ^ Hunt, J Amrr. Chem. Soi\, 1911, 
33 , 1650; Kolilniuvli inid Steinwehr, Sitzinujsbrr. K Akad. JCis't. Berlin, 1902, p 581 , 
Kohliausch and Maltby, ibid , 1899, p 665. In the table, v=dilution, in lilies {>01 gram- 
eqiu valent. 

* A. A. Noyes, Faiiell, and Stewart, J. Amrr Chem. Soe , 1911, 33 , 1650, Kiay and 
Winninglioir, ibui , 1911, 33 , 1603 , lhay, tbid., 1911, 33 , 1673 ; Harkins, ^b^d., 1911, 33 , 
18S6 , see also Alx’irg and Spencer, Znt'vh. anotq Chem.^ 1905, 46 , 108; A. A. Noyes, 
Zeitseh. physiLd. Chem., 1890, 6 , 241 ; 1892, 9 , 603; A. A Noyes and A))bot, ibid,, 1895, 
X 6 , 132. 
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as ia iriflic.'ited by its relatively Hinull boat of foriiiiitiou. It is easily 
deliydnilecl (o\eii at 100'’) to thalloiis oxido, which hits a vm Hinall heat 
of h\diMtioii. Further, thallmiii is considerably less elcctiopositive than 
the alkali metals. According to the best exjierimeiil.il results available 
(1916), the followinjj; se(jiK'iK'c of uiei.iK iii the elecliomotne senes is correct 
and indicates the position of thallnini - 

. . Zn, Cd, Ke, Tl, Co, Sn, Ni, Vh . . . 

Thalliuni has tliCMcfoio a decided tendency to assuine the ionic state. The 
electrode potential of thalliuni at Ha'’ is — OdilTO volt (noiinal calomel 
electrode beni^ zero) For very dilute soliition.s, the potential of the thallium 
electrode vanes with the coneentiation of thalloiis ion in the li(|iiid 
bathinj; it in strict accordance with the Nernst formula , a slifrht deviation 
IS noticeable when the coneentiation of thallium ion reaches 0 1 normal.^ 
The aeenracy with which the Nenist formula is eap.ible of exjnessinf; the 
results is stioii}* (uidenee aj^ainst the hypothesis of the existenee of siibvaleiit 
thallniin ion Tl ,, whieli has been supposed by Denham - to exist 

Thallic coinpoumls leseinblc the eoinjxMinds ol aluinininin to a certain 
extent. The thallie salts mo in ^eneial readily soluble in water, and 
(■rvstalliso with consideiable amounts of water of ciyslallisalion They are 
deiised fioiu a \erv w'uak liasi', thallic hydrovnlc, which is piactically in- 
soluble in water, and wbieb in case of delivdration lescinbles auiie bydioxide. 
The tliallic salts are tlieiefoie consideiably liydrolyscd by water, and solutions 
of tliese salts aie only stable m tin* picseiiec of an e\<*(*ss of aeid. A solution 
of t bailie siil])liate, for example, containin^^ a shi^lit exee.ss of sulphuric acid, 
jXi\e8 a blown precipitate of thallic hyilroxide when diluted or warmed, 
'rhallic H.ilts arc decidedly unstable, anbydious thallic ehloiide, for instance, 
losniLT eliloinie at teinperatnies lielow 100', and they exhibit a gieat tendency 
to foiin complex salts 

Thalloiis salts may be oxidised to tlialbe salts and rin> vtrsa, the former 
conversion bcini' not so readily aceoinjdisbed .is the latlei The ri'diiction of 
tb.illic to thalloiis salts may be re.nlily and qiianlilativid} elleeted by the 
oiilniaiy rednciiifr a^^ents, and it thernfoie happens that llio addition of 
ainnioniuiii snlpbidc to a solution of a tliallous salt leads to Die jnecipita- 
tion of tliallous sulpliide and .sul[)bur Further, potas.siiim uxbde pves a 
precijntale of thalloiis nxlide and iodine when added to a thallic salt Thallic 
salts aie quantitatively reduced to tliallous salts by thallium itstdf. Tballoiu 
salts may bo oxidised liy potassium permanganate, the reaction wlien elleeted 
111 the picsence of hydrochloric acid and undei certain eonditions being 
suniciently exact to be used for the estimation of tbalbuin. I’raetically ’ 
complete oxidation of tliallous salts can also be broutrbt about by chlorine or 
bromine 

Thalloiis and Iballic salts exhibit to a liigh degice the curious property of 
combining with each otliei to form what may be termed intermediate saltS. 
such, for example, as the clilorides of the composition Tl^OlyCriClg.IiTlCl) and 

^ (i. N. Lt-wiH niid Van End<-, ./ Amu f'hrm. Hor., 1910, 32 , 7‘<i2 . t'f Npiiininn, 
Xeitsch phystkal L%vi., 1891, Z 4 , 193, SjM’iitci, tbul., 1911, 76 , 360, and Sponoer, ’ 

XtUsth anorg. Chfm., 1905, 46 , 406, ShukofT, Brr., 1905, 38 , 2691, Jtii'ilup, Treuu, 
Faraday Soc., 1909, 4 , 169. 

* Deoham, Tram Chem Soi , 1908,93, 633 

* Abeggaiid Spencer, Xeilsch. anorg. Chttn., 1905, 44 , 379. 
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aluminium and its congeners. 


bo*mgsV*a'Mil/|yLuii™ rescrnblo the thallous salts in 

arc pro liieeil (liirmo Hu' OMdation r'f J mtci mediate salts 


L'ompnuinl 

1 Heat of 

IIf*at of 

-- 

1 Ftufimlion 

Soil! turn 

1 Till’ . 

(’.ils 

( ‘ah 

Tif:i . ■ * • • 

+ 51 4 ‘ 


Tlllr . 

48 0 

-10 1 

Til . ■ ■ • 

4M 


TI.O • • • . 

30 ‘J 


TIOII 

12 2 

- :} I 

1’1,S 

liO 9 

- 3 ir, 

ThSu ) 

1 21 7 

17 7 


Tl/JV (iM}',! 1 . ■ ■ 

6 1 / 

1.1 11 

... 

TINO 

12 2 


Tl.iSO; 

f)S 1 

- 10 0 1 

Tl(’l., 

221 0 

8 

TK’i, 111 . 0 ; ’ 

80 H 

: 8 1 

TIHi, “ 


- 2 1 

Tllii, 111,0 

60 -5 « 


Til, . “ 


2 2 

T](:inr.j.iii./) 

10*8*« 


1 


- 2 1» 


1 



(Tl,(»] + l|,() 

Tloiliiii +'ii(< 

riti< .11 ... 


Tioiii, J.+, I, p, .. 

"‘‘"’''y 'VKI, ma„_v other metrds 

* {Set- \ Tliomas, .//!» C/mn /V/T/f . 1907, | nii I u 004 ' 

1879, V,";;'';Tsiol 2^ ‘‘-7. . ,876. |., I, „ „« 

ph^sihitl fVirni i,s 8»/4, 3St ,Val',iv"''/nii tTm ' Ybb" 

14. 116 . Thomas, da,/, ^1-107, luu 1, ii "04 '■ »»■ 1*^8^, I'i J. 

« wfth K th,’ ccinipouud 

;r 18.S9, 55 , eei^’^IlIolhp^Tud J^Zr 


-J(TI()lIj 
= TI(M.'i.] 


i- ‘JJ’) C.iIm 
f i:i7l 


The 


yy, „ay, jJioiUp nnd JlaluT, IMlfl oi -iTll 'T 

^fifsrh. anoig (Jhfm., 190 ‘J, 30, 80 ^Mth Na T I'nsc'hiii, 

/«d*A. pl.,M«! (Virm , 18 . 9 . 3 441 will, n* }"'?"*■"« ifft nau-es ai>,l Tainmaim, 
enorff CAtm , 19O6, 48, 185 ifth a 1 ’ ill llnlv ' . m ''^ 0'' "i" • •’"‘■■■•■'■lo l Zrih./, 

31 ; Phii. Trails , lh 97 , A 180 2''. . J8'JI 61; 



THALLIUM. 


following inter-metallic compounds li:i\e bocni doseiil»<*il, contaimiiji thallium 
and Ji metal of (iron p 1 or II — 

NaTl, mp TI.AIg^, in ]) M.r C.tTI,, no m p 

KTl, „ TIMi;,, no 10 ]> t’.iTi, lo p iHl'.l" 

lIg.Tl, ,, 15’ Tl.Mg.,, „ ( \i ,1'1,, no 10 p 

Thallium is miscihle with ltoM, sil\»‘i. and < idioiom, and with fonna 

joixed I'Mstals I'onl.iiniOL' <1 to 10 pri ('i>nt ol thallioio Iti^onlv |)aili:illy 
miscililo with copp*'] and /me, and is pia(*(i<all\ non loisuhh* wiili ahiioiniuin. 

'I'halinini riMdily dissohos in nu'icuix A lapiid amalgam conlaniing 
ST) jH'i rent of liialliom nia\ lu* iisrd in thonoono'tms dow n to <)<)’ ‘ 

AIlovs of thalliiiio and iho oiotals ol (Jioojis IV 1(» \ II! in the IVi lodiC 
Taldc ai(‘ nu'iitioiiod in the coi ii-spondiior \<*lonu‘s of this soiii«s 

TiiMMi'M AM> Mil Ti I ur.iM. (Jiiorr 

THALLOUS HALIDES Thalloo" iliioiido, ( hlondc, hioniidr, and lodiiio 
aioall kiio.Mi d 1 m' last tliicc ‘•.ilts i* sciolih* tho < oiiospondinu roiiipouiids of 
lead \cn (losi*l\ ill a]»p(Mjaius‘ and III ph\si< ai )iiop**iti(>N , it has Ikm-i. both 
alhiiiiod and dniiod that in tin* liipiid .sl.ilo (ho\ haM* the piopi'ilios of Jnpiid 
ci\slals“ Till' iMollcii clilondc and biooiidi' h.i\«‘ not ix'i'ii olilainud 
0 [)ticall\ ideal ‘ 

Tliallous ohloiiilc, liioioide, and lodiih* aie loiseilile in the liipitd stale, and 
till' tliire s} steins Tl( I 'rilhi'l’llh Til, and d’h ‘1 — 'I'll h.u»' la'en .si iidied by 
the ihei lo.'d nil t liod 'Phe lesiilts s|jn\\ that llieiii'.l I wo s\sti‘nis \H'ld eon- 
tiiiuoiis seiK’s ol Mii\( d ei \slals. (he “ ll•|0ld(ls t iii\es ( \hiliitnii: loiniiii.i, and 
th.iL th(’ last .ssstejo fonos an ineoioplele s<iu*s, (lie “liijindus ’ evhiluting 
a li.insitioii point ' 

ThallOUS fluoride, d'H*', is prepaied by dissohiief (hailoos IimIi oxide, 
eailionale, oi .sulphide in aipieons liMiiotliioi le aeid, (‘N.ipoi.iting to diyneisH, 
he.iting to leiiioM li\dioeen lliionde, ,ind 1 1 \ stallisini: the lesidne Ijuin w.iter.'* 
It may also lie piep.ned by heat niir th illoiis oxide <0 laiboiiate to doll ledness 
111 a stie.iio ol div liydioLfiii fliionde'* Th.dlinin dissoKes slowly in aqiieouH 
liyiliolluoi le .Kill 

Th.illons lluoiiile is le.ulily soluble in w.iter. Irom whoh it eiystallises iii 
eoloililess, liistioiis, leoiilai od.ihtflia \( a red heat it may bi' distilled m 
.1 ciinent ot hydiooeii lliioiide li i.s insoluble in .aholiol ,ind in lM|Uid 
aonoooi.i . ' the ,ii|ueoos solution lias .in aeid le o lion 

The niciiioby di.ite, 'llFll.O, is sod to sep.ii.ili; in monoelniK eiy.slal,s 
lioni a solution of ih.dlous e.ubonule in .upieoos h}diolluoi m ai id , and 


Sill , IPOU, 32, 1 fit.'. I’rO lu\ iisi’li, ////</, 11*15, 47 , 29; Kuiiiik"ll hikI I’nsflun, hr. nt ; 
SiU'liMO, /«'/>./! /./(•/ 0 or/e w , l‘»0C, 12 , 721. , T \V Ku liiinJs undW ilsoji, ./vA plnf^i/citl. 
i'hnn , 191^, 72 , IjO , .1 Jhldfl.i oi-l, J Juit t hnn. So. , li*].'!, 35 . .'’lOl , witli Al, 
Caisl.oijni, lor rt* , I loi-i nickel hu ,1/ 

* .M'liitosli iwid .bilioseji, ./ Jmn, t’hnn Soi , U*] 2 , 34 , 910. 

Stiilt 7 ,r]il)i'ig . 01(1 Until, Z>tlsrh physikti! ('hnn , 1910, 71 , 641 , TiilMii.lt tind E. 
Im.wl, Ftsthdn ift \\\ Nunst 1912, jt 146 

* R Loipm/. ioid Kitid, ZnfS'h an'ny ('hem , 191.1, 91 , Cl. 

* .Meliki iiioyei J'tfnh, J/iJi lii'it , Il*0i», 22 , 1 

® Miu’linii,7. P7e;.^ Chrm , g5, AOi , Sitzon'f^h , K Akad U'lrn, 1866, 

[o. I, 52. 0(1 . Ejilii.iini and I5.ote(vk<» Xnf\ih onorg ('hem , lt»09, 61, 23S. 

•* Kiihlrn.um, (Jomftt rend 18fi4, 58 , 1036. 

’ GoiP, /'?(7 . Jio}! So, , l,s73, 21, no 

* KuiiliniOin, he. at. , Willni, Ann. Chim rhy$., 1865, [iv ], 5 , 6. 
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ALUMINIUM AND ITS CONGENERS. 


thallium hydrogen fluoride, TIF.HF, crystallises out m regular octa- 
hedra when a solution of thallous fluoride in concentiated aqueous Jiydro- 
Huonc acK is evapoiated over sulphuiic acid The acid fluoiido is stable at 
lUU , but rlecoin])oses at higher temperatures (Buchnci) 

Alnmnunm Huillou, Jlu^nde, 2 AIF„ 3 TIF, and numerous other double 
luorules li.ivo been prepared.^ 

obtainefl by the action of chlorine on 
.!ln 11 i"? ‘’y '>)'lnH:hloric acid or a solution of a 

pTOoipit.ao"*" “ "■ “ tl«illous salt, and forms a white, crystalline 

f, ‘s » crystalliuo solid of density 7-02.2 It melts 

to a yellow liijuid at 42(1' 0.,“ and Iwils at 708’ to 731* C.* Its com- 
pressibility coelhcicnt IS 4 8x10 '■ per atniosplicrc ‘ The chloiiilo crystallises 
to 10 W Om “T ‘“i '‘“’"'“'■Pliu'is with jsitassinm chloride « From 830* 
m,d ?i o ^1 "> ap'>-’i-i»ent with the molecular formula Tlt!l ^ 

hot to it '•‘'■''-“"'I readily soluble III 

hot water. 1 ho solubility, in gianis per litic, is as follows — » 

Temiieralure, * 0 . O' 10' -JO* 25 * 30 * 40 ° lo- eo* so- loo" 

. Grams of TlOl 17 •- 1 3 1 4 0 4 6 G O fo 10 > HWI 2 n 

The chloiido IS less soluble dilute sobitioiis of hy.lioehloiic and and 
alkali chlorides than in pure water , it is insoluble in alcohol The iidlueiiee 

S^ol'ir'l.e H "‘'’"'''‘‘ty of «'ttllou 8 chloiide 111 water at 2 .V ,s 

aoh.dd.i ^ following table of lesiilts, duo (o Hray and Wiiinn.ohoir 
solubilities being e\piehhe(l in imlli C(pn\iil(Mil.s pci lilio - ’ 


Cone of 
Added 
Salt in 
|niiIJi-(>(]s 
por litie 


0 

UO 

‘2r» 

60 

100 

200 

800 




Addl'd Salt. 



IHJl. 

KCI. 

HaC’l. 

TING, 

TI.,SO, 

KXOj 

KoSl 

1») 07 

16 07 

16 U7 

16 07 

16 07 

10-07 

16 07 


8-69 



10-34 

17 16 

17-79 

8 66 

.8 98 

8 80 



6-83 

5 90 

6 18 

6*24 

6 77 

1 18 26 ] 

19 42 

3 83 

2 .53 

3 96 

2 68 

4'16 

2-82 

4-22 

1 68 

19 61 

21 37 

— 

— 






23 n 

26 00 


« Smv '“Itan' 'I'i i “1“' volamcs m tins seriea 

1883, 385, K. IV. Clarke, Jma vhe,,, J, 

‘ Cainell..y and Williams, Tu,m. Uh^m Soc , 1878 . 33 2.S1 * ' 

• SJ*' "f- Amei. Chew Sue , 1909 , 3 i 7 i 58 . 

Sturt I'll ix'koi , Jirr tiav. diivi , 1905, 24, 53. 

^ Rosotio, Prot' Hoy. AW., 1878, 27, 426 , Dtt , 1878, ii, 1196 
Beckniiiiiii, Atihih. anor<f Chem., 1907, 55, 175, 

7 *.»i.,“i 89 “l*^,' 603 ^:' mLf'X/ 'l 903 ^6“6()s*'’®r fi Nayos, pAvjitat. 
Bray and \\ uiiiingholl, J. Amer. Cheni. A'oe., 1911 , 33, 1663 



TftAtLlOM. 

The specific couductivit} of the sHtiinitcd aqueous solution is 1514 xlO“* 
reciprocal ohms per cm eiihe at IH", and 217(5 10~“ at 25* C ' ' 

Fused Uudlous chloride is inisoihle with many other molten chlorideSi ' 
and from a study of the froe/.in^'-|Kunt euivcs it has licen shown that various 
doiihlc chlorides e\ist, a numhei of which are stable at the meltiiif^-pointi 
The compounds at piesent known containing thallium and tho metals of ‘ 
Groups 1 and II. aio as follows — - 

L'Agn .rnci 

Tl(’l(’a(:i,(mp Gb3") 

TkM.SiCi; 

TlCl 2Mi:('l. 

2Tl(’lZn('l_;(mp 352^) 

Thallons chlondc* foims mixed eiystals w-ith the ehIori<les of potassium, 
ruliidiiirn, yiiie, and nieicniy The doiihh* sidt 'rU'l Hgt'l^ crystallises in 
ueedlc‘<, and w.is originally inepaied h\ (’aistaiijen, ‘ who also piejiarcd ■ 
thnlloua ttumhhnuk, T1 \ii('l, 

Thallous bromide, Tllii, is pnpaH'd like tlie corresponding chloiido. 

It 18 a pal(* yellow solid of dc'iisity 7 51,' ami its eom|)iessil)ilily coelhi lent is - 
5*2 ' 10 ’* ])ei atmospheie * It ciyslallisi's in the isoiiietiie system in ciihes, 
molts to a lirownish-\ ellow lajuid at 150,” and hods at 800 to 811 ^ Tlio 
hioimde is stahlo al hiirli ti'inpeMtine". ^ 

Tho Holuhility of thallous hiomide m walei, in giains pel 100 grams of 
watei, IS as follows — " 

Tempeiatuie, 18’ 20” 25" GS 5" 

(iiamsof TlHr 0 012 0 018 0 05/ 0 2)7 

The spoeilic eoiiduetuily of the s.itmated a/pieous solution is 102 10'® 

recijmieal ohms per cm cube at I-'' 

Thallous iodide. Til, is piepared Ilk/' the correspond mg eldoiide and 
biomide, and forms a citron y'ellow pie<ipitate of density 7 07.” Tho 
crystalline form is orlhorhomhie At 108 the y/*llow thallous unlido is 
converted into a red, eubie xaiiety,'"-' the e/uiipiessihihty /if wdii/di is (5 8 - 10“* « ' 


' KohlMuscli, Zni'-ch I'hibdtxl Chrm . Iliu3, 44 , 11'7 , 190t, 50 , .‘{S.'t , Bray and 
Wmniiiglioir, lo< <‘il 

* Llehisdi and koii/Mig, SiltHTKj-^brr A' W'fss lin/ni, 1911, |i 192, Koiiotlg, - 

Jahib. Min , IS'H, lieil -I mL, 37 , f»l , S.iinl<niiiiin ami Auiiggi, yiUi R. At'anL Linceif 
1911, [v ], 20 , 11 , f )88 , Saialoiiiiim, iJnd , 191.1, |v J 22, 11 20 , 1915, [v,], 24 , 1 016. 

® Cai still ijen, J. prakt 1807, 102 , 111; .hirgeiisi’ii, ibid, 1873, [ 11 .], 

6, 82. 

* Laiiiy, A7in. I'hun Phys , 1803, [iii.], 67 , 385, ¥. \V Claike, Anifi. i'hem. 1883, 

5, 240. 

^ Ricliardb and .loiiC", J Amei. tV/rw Sar , 1609, 31 , 158. 

* Moiikmcyer, Jahth Mm fiul., 1906, 22 , 1. /'.iiiu!I/*y (Tian^ f'bem. .SVw,, 1878, 33 , 
273) gives 458", and Stolt/fidierg ami Ilutli (/cdyfi jdiyiilal. Chc/n., 1910, 71 , 641) 
•{ivc 441' 

Ca'ii/’lli’y Olid Williarns, Trans (’hrm Sur,, 1.S78, 33 , 28 !, 

® Ouaitschi, AUi R Ar<ad Stt. Ttnxno 1912-13, 48 , 735 

* B/jttg/*!, loc. cit.\ Koldiiiuseh, Im ut , A. A. Noyes, ibid , 1390, 6 , 211 , 

Koldraiisch, loc. at. 

" Claikp, Amer. Chfm J , 1883, 5 , 210 

“ Van Eyk, Pioc, K. Akad. H’eUnsch. Amsterdam, 1901, 3 , 98 ; Gossnu, Znlsch Kryst, 
1003, 38 , 110 ; Geruez, Comjd. rend , 1904, 138 , 1695. 

IV. 


Tl(2 2Zn(’l , (m p 22(>') 
TUM (in p 43(1 ) 
TK’l IliiC rim.p 22 T) 
ITR’I llg(i, 
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110 > 

' 

per atmosplioro,^ aiirl the donbity 7‘10. The two |V)lyniorpliS .‘irc inteieon- 
vertiblo. The lefl form melts at 431° to a dark red lirjiiid - 

The con viM -lion f)f one foim into the other is often extremely slow. A 
hot, lilteied, innii'ous solution of thallous iodide deposits red eiystals when 
rapidly cooled, hiil a hot, saturated solutioii, wlien slowly cooled in the 
presence of the yellow foim, depo>itH yellow crystals A hot solution in 
aqueous pot.ishium acetate or hydroxide deposits the metastabli' led moililiea- 
tiori when cooled, and the red form may also be piecipitated by adding 
potassium iodid(‘ to a hot, coin'cntiated solution of a thallous salt Freshly 
precipitated yellow’ thallous iodide b(‘comes j^ieen when exposed to snnliLrht 
The irreen iodide can bi* urrystallised from water without losini; its colour, 
but on standnii' it slowly leverts to the yellow' nuslilication, the change bisng 
hastened by he.itin^ with aqueous iodine or potassium iodide ' 

The solubility of the yellow rnodilicatioii in w'atei, in jrrams jier 100 {riains 
of water, is as follows — '* 

Tenipi'iature, (!. 0' 20" 10' HO' SO 100 

(lijimsofTll 0002 OOOH 0015 0 035 0*070 0 120 

The specific eoinliictivity of the salinated af[ueous solul ion at I«n is 22 3 l0-‘* 

recipiocal ohms pel cm cube** 

Thallous loilide foi ms mixed crystals with thallous nit i.ite , the ‘‘ liquidiis 
curve for tin* system Tll-TlNOj consists ol two jiails ini'elmj; at a tiaii- 
sition point.’ 

THALLIC HALIDES —Thallic fluoridc, TIF,, IS not Known, hut un- 
stable, white crystals of thalhc potnssiuin 2Tlh\KI'', ha\e been 

obtained ^ 

Thallic fiuochloride, T1F('L3II3), is obramed m white ne<‘dles by 
the action of chloiino on thallous fluoiidc dissolveil in aqueous hvlntlluonc 
acid It becomes anhydrous when kept omu* phosphonc anliydiifle, and the 
anhvdious salt foims a doiibh* salt with potassium chloiidi', of lin* lonnula 
2T1F('L K(d, and a com[)onnd with ammonia, ol the foimula Tll'Vl^ IMI,. 
Analoj^mus compounds of the comjiosition TlFIlr, and TlFllr^ IMlj aii' aKo 
know n ” 

Thallium oxyfluoride, TlOF, is obtained .is an ob\ei:ieen powder, 
insoluble in water, by the action of cold, aqueous li\diolluoi le acid on 
thallic oxide *’ 


* HiclmiHs undJoiirs, ,/ Amn (%m Soi , ipnn, 31 , I.'IS 

“ Mimkriiuyi'i, Jahrh Mni /!••(/, 22 . 1, (kuH'llov (7'ifuis C/mii Sih., 

1879, 33 , 273) ftnrs Sti»llzoiilM'i<{ and Huth {ZtihAi (%in , IIMO, 

71 , «4I) ^i\c 422°, iiiid Van ICyk (/'/w A' ALal jr>frn'>ch Ain'>fi 3, 518 ) 

gives 422°. 

^ Gcrnc/, Inr. nf , and Compf remt , 1904, 139 . 278, 1909, 148. lOlTi, Ann ('him, 
Phys , 1909, [via.], 17 , 2 ‘i 0 , Willm, / 6 /r/ , 186.'*, (i\ ], 5 , 6 , Ilfblx'ilnip, Atninlni, 186.6, 
134. 11 1 Weillici, J pvikt i'hnn , 1864, 92, 128 . 

< KiiomI, Ji,', ,1871 7 . .676, 8«'3 

^ Mottgci, /ait'V'h jihi/HikaL (Vinn., 1903, 46 , 602 , KuIiIuiumIi, iiutf , 1003, 44 , 197; 
1901, 50 , .15.6 ; Long, Zmtixh. mini Chem., 1891, 30 , 342. 

“ Kohlraiisuli, Inc cit 

’ V'lii Kvk, Pioc. K. Akni/, irAm^rh. Amslm/nm^ 1901, 3 , 98. 

® Grweeko, Anunlcn, 1909, 366 , 217. 

® Oowceko, loc. at.; cf. Wdlin, Ann. Chim. Phys., 186:6, [iv.J, 5 , 6 . 



iHALLruif. ' 

‘•'■'■■.i-Io be ob,,u„e,l in’ 

'■•■ ‘■'-'••‘'■“■'I '-y >l.'ln.l.,.h.,f; .1. letra. 
coiiipoiin.l Til l ((■ II )() Tl. . M ' '« r,i,Ho of the 
the .I.Ln.p,,.,l,un is in „.rat I(m‘- T ‘"‘J 

,t ,S ,1, r 7..? 

'Vith ;i srjKill oiianhiv of nn ’ i i ,* ‘'i-.uiu' M.lvmls, 

tiu.'lih’iiic bli'7; t' '■''i"""" 

elil<iip||. IS (, I, Mill,., I It ||„, s„liii„.„*'l ‘I""', a ,•ll•.ll M,li,(i,„i „r 

(i,..'i ,7' "-'ip, ' 

tl.a t,.tialn,|i,.„.,T |, 41 O , ’ -Hl.o.li..i.,l,i,- ,0 .'Msials l,f . 

’I’lClill.O, «l,i|,.'.i J, \|.(.| ■ ', ' “ iV’i''’ """'‘''Ii'itc.- 

■TI,,.,i,,,i,,,|,>,1m(,.7^1ii ‘ TICK. 'll,.. als„ 

lh( Hi,'l,l„M,l,. al ,.i,liiiai, t,.ii,pe,ahii,.s"”" "T"™!'’ -'lutaai „f 

•“ 

solulion. a.l.lmon tu tlio pionmUlc «.f si ho! nniLnih , 

of llMllic ln,l,oM,k. ,s ol.l.on.sl. ,i l„oun picc«i»ilate 

‘■"‘"P"' •nn,'.''Ni'r'1;7,;;::.c^ t::':",”"’ ‘‘t, ''- vaiaiiino • 

'>.' "illiii 111 a iiiiii'laT „f tt.,vs ';;:;"I""‘1‘'I "as picp, 110(1 

■Hl.,,,,ri7.[i,.7li7,.f^ - TIi...„«h, a ,.,.!i,p,'a,n(l, " - 

tliallic rliloii.l,. ,.,)i,inomirl ,,, i, , 

I'oinjioimd TK'l oMi nisolulilo lo 1," l'ia»\ni, .md the • 

‘^^"1.|';'11‘>'' ''I'll l i'a'i. inraliti,., ..niliii,., ,,t,. ''l'l■'rl(le 

liy(l.(ip""‘‘,.h!lIlKk!^a*iil|'m^^^^ pmi'ilien'fr"'’" l"'>l'''i li"i. of .< 

I'lionc aiiliy,ln<le, ‘ J,,, .. 

separatps III (Ji‘li«pj(',scoiil Cl \sl ils * * *' J Hf Ij ,||| ,(), 

bo - ->'>.v<b>».s state It 

to a syrup. ‘ii,l tlien Ht.;ui,dy ,'!,I;,V . 7' ' 1 'J 

hulratc, TIUi. UI,(), aip pioflnml ’ Mow. ' i the Idro- 4 

. ' - ‘'-‘S ol.laincd the looiiolmlratP, 


1*19, \ Tlmnus, i’nmvt r,«r/ l<tnV .’J ’ 32, 72, Un., 1902 ?c 

II. 201 , CuslMM.n, Am.r\ J^' {Z' 19?^’ 
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1902'35"mo; 100, W, 1904. [iv.], x8. 1oV, 

'Villa., u. cu.. R. 1. fa cu., riioiu.,, fa. ■' ' 




ALUJimiUM AND ITS GONDEN^l^ 


TlBrg.TfoO, Ijy concoutiating the solution in vacuo at the ordinary temperature. 
The hydr ates earjijot Ijc dclivdiated without loss of bromine They absorb 
one molecular })H)poilioii of li^drogcn bromide or hydiogeii cliloride Willm 
‘ has described the addition compound, TlBr. SNIl^. 

Thallic chlorobromides, TlOlHr.^ ill/) and TlCI^J3r. have been 
prepared by Thomas by the action of bromine on thallous chloiide suspended 
in watei, and of chloiinoou thiilJoiis bromide suspended in w’atcr, the solutions 
being concent i.ilcd to a syrupy consistency at 30'' to 40“, and then strongly 
, coolorl Tin* hydralcd sails cannot be dehydiated without loss of halogens 
occuning. The hydiatcs combine with one moleniUr piopoition of hydrogen 
chloiidi'or bromide, but the compounds formed have not been obtained in 
the crystalline state ^ 

Thallic iodide, TIT,, may be prepared by digesting thallous iodide wdth 
an alcoholic solntion of iodine and allowing tho solution to evaporate over 
sulpliunc acid. It foims large, dark, orlliorhombic crystals {a h.c = 
0'CH2S I 1 1217), ivniioiplioiis with rubidium and cjcsium ti i-jodidos.® 
It imgbt theiefoic be eoiicluded that tliallic iodide w a pci iodide of thallous 
iodide and (‘sseiitially a thallous compound Accoiding to Abcgg and 
Maitland, it is a tiutomiuic substance, bobaMng as a thallous or as a thallic 
compound accindiny; lo circumstances In its spaiing solubility in water 
and organic solvents it icseiubles the thallous halnles, while it rcsiunblcs tho 
-other thallic halides in foinimg coiii])1ex salts with othei iodides. In atpicous 
solution these double salts yield the slahlo comjilex ion Til/ ’ 

Donhlr contaumcf ThaUtc Chloride^ Jhtwiide, or Iodide — A very 
large number of these diuibh* salts is known. 

riic following comtsmiids with the alkali metal and ammonium halides 
ha\o been desciibed — ‘ 


Ty’jio TlXi MX *11,0. 
TllJr,Nff,llr 
TlHr‘,.NlI,Br211a()* 
Tlllr,.NlI,Hr41I.O 
Tll^.NlI^Iii.riiro 
TIBr,.Kljr.2H .0* 
T]Br,llbBrli;0* 
TlHr.CsBr* 

TII.,.KI 

Tlf'.Csi* 

Tll,.HbT 2ir,0*- 


Tyi.o2TlXj.3MX.;irp. 
2TI(n, 3Cs(:i 
2T113r3 3KBr.3]l.,0 
2TlBr,3()aBi 
2Tll3.3K1.3l{,0 


* V. Tliinnas, Coviftt 190i, 135 , 545, 1051, 1208, Ann. f'lnm 1907, 

. [yiii.l, II, 201. " ^ . 

^ ® Wi'lls uiid IViificld, Ami'r ,/. .S’n , 1894, Iiii.'l, 471 48-1, %rd$<h inioiij Chnn,^ 

1894, 6 , 31J, c/. Nu’ki''s, Compt. teml ^ ISlil, 58 , 637, i/. Phiirin C/nm,, 1801, [iv.], 

r,. ’ ® Ahi‘gg mid Mmtland, Xntuc/i aimitf. 1906, 49 , 341. 

J ^ ^Vilim, Ann. Vhim Phys , 18s,'», [iv.J, 5 , 5, Nirklcs, Compt tend., 1864, 58 , 537; 
5 .*^ 7%arm. Chxm , 1864, [iv ], i, 22 , 1866, 4 , 127 , Ramiiirlsbeig, 1870. 3 , 360 , Pugg. 
)l,A%vaUn, 1872, 246 , 592 ; Nniiiioim, Annalcn, 18S8, 244 , 329 , (Judeffroy, Xfd'xh Oej>terr. ' 
1880, No. 9, Piutt, Amu J Sci , 1895, [111 ], 49 , 398, 402; Hatsch anorg. 

^ Chtm.^ 189.'>, 9 , 19; Johiisoii, J. Cheni Soc.y 18781 33 , 183; R. J. Meyer, Zeitsch. anorg.ni 
1900, 24 , 321 , Wallace, ZeM Kryst. Min., 1911, 49 , 417. % 



mrximr*, 


TyrenX,.2MX..TH,0. 
T1('1/2KC1.2H,0 
TlCla L>KbCl 

TICI 3 2 Kbn.n,o 

TICI 3 2(’bCl 
Tl(’l,2CsCl.II,() 
TlL\2CsCI 211.0 


Type TlX, SMX.xITjO 

TlHa-'lNan. 1211.0 
IK'lj :iLi('l 8 JI.. 0 ‘ 
Tl(’I, 3 N}I,(’l ” 

tioi.;lvii,(’ 12 H ,0 

TR'i;:iK(M 2 JJ, 0 “ 
TlCli.'lKW'l 
TK’li.'lllM’l JI.O 
TK'l .IHIjd-Jll.O 
Tl(’l,’:{(h(’l II.() 
Tin^.lKl.r.r-ill.O 


Th(‘ salts of tlio typo TlX , MX jH.O appj'ur to jms'^o'^s ouImo suniootiy, since 
Piatt and W.illin'c lia\o hliowii that tlio nstoiiskc«l ■•.ills ciNstalliM* in com* 
biimlioiis of the oiilio iin<l lo^ul.ir oottihodron |{ innnolsbor^ do.sciila'd the 
pot!vs‘>iinn salts of the typo 2TlXjIlM\ iH/) as cnhio, but aocoiding ta 
VValhiee the broinido is totrnfjonal (a c 1 (fTTiot)) and the ciohiuin chloride 
is doscnbtsl by Piatt as hoNiipmal (rr r 1 0 .‘'207) 

Two salts of the l\pe T1X,2M\ H^O cr\ «t.dliso in rhombic bipyramuls, 
isonior[)hoMS with tho ooiii'sponding indmm silts and with ammonium 
and potassium foriio chloii<hs. l'V(’l, 2NII,(M 11,0 and 1\ (’l,.2K('l 112). The, 
data };ivon below aic duo to Widlioo (oomp.uo d.ita given on p. IT)?) - 


T 1 C 13 . 2 II})C 1 . 1 I,(); « h o-0{)770 1 1 TINS ; density Til ;l at 20“ 
TlCl, 2(M1 llj) , a h r - {) JMIOO i I LM , density -.‘I 87!) at 20’ 


The following salts of the type TlX,.'IMX 2irj0 ciyslalliso in letiagonnl 
bipyramids jsomoi[jlioiis with the eoiresjwmding mrliiiiu salts — ' . 

TK'l/lKCl 2lf,0 , a e. 1 0 7!m : density - 2-.'^r)9 at 20" 

TK’l. .‘{Nil, ('1 211,0 . n r-1 0 S097 . density - 2 ;J81) at 20^ 

Tllh ‘llvldlr 211^0 , (I r - I 0 , (hMi^ity -4 077 at 20" 


Th.illie ehlondc comlunes with the I'liloiidi's of ntfnum, btnmtium^ 
-me, and ///u/e/u/o le, buniing doubh* salts of the typo 

2Tl('lj MCb tdl.O " Tfitilhr hi I t/Kuiiii ehlo/ lift , J'l K'l, .'lP»<f'! ,and tlie ammonia 
addition-pioduet of f/idllic ct/ftric i/wZ/./f, 2T11, t’liK IMl ,, li.ive also been , 
described ® 

INTERMEDIATE THALLIUM HALIDES -• Thallium sesqui- ^ 
chloride/ TljtJl^ or .‘ITICI Tl(!l^, is le.idilv piep.ued bysaluMtJiig a boiling j 
solution of tliallic chloiide with thalluiis ehloiide aixl looling, or by passing ^ 
chlorine into water containing thallous ehhuido in su'-peiision until no ri-ore * 
white thalloiis chloride is left In each ease the pjodint should be leerystal-i 
lised fiom boiling water, and in the latlei ease the too jtiolonged action of.- 
chlorine should be avoided, since it «onverls the spaiiugly soluble thallium J,. 
sesquichloiide into veiy soluble thallic chloiide ; 


• Wallace, loc. nt ; I’ratt loc. at., compare data given on p 157. ^ 

^ * Geweeko, jinmlcn, 1909, 366 , 217, 1 

; * Neumann, Annahn, 188S, 244 , .^ 2 '» , Jorgonsen, piakt. ( hnn , 1872, [li.], 6 , 82. 

* I^my, Ann ('him Phys., 18G3, |ui j, 67 , SS.*!; IViJlni, thul , ls65, (iv ]. 5 , 5 ; Crookr* , 
and Chuich. Chem. Htws, 1863, 8 , 1 ; crlhcr, J. jtrakl ri,rm , 1861, 91 , .385 . IJel.bcrling, 

f^iAunalfn, 1865, 134 , 11 , R J Mcytr, mu/rr/. ('hnn., 1900, 24 , 3J1 , Ciisliman, ‘ 

\ Amcr. Chem. J , 1900, 24 , 222 , V. Thomas, Ann. Chtm. Phyi., 1907, Lvin ] ll, 204. 



^W2 ' ALUMINIUM AND ITS CONGENERS. 

Thallium scwniicliloricln (‘rystullwos in yellow, six-sulcd leaflets, of density 
S*9. One litie of water at 'JH' disrobes 3 13 {grains of the chloride,^ 
The aqueous holution ^M\es with alkali hydioxides a proeipitato of thallic 
hydroxide, and Llie liltiatf' eontaius thallous salt in solution 

Tiialliiiiii se!M|uieliliindo ioituH mixed crystals with Lliailous chloride, on 
account of which a uiinihei of otluu ehloiidcM have erroneously l)een deseiihcd 
by Weilhei 

Thallium dichloride, TK’I, or TK'lTK’lp is the final [u-oduet of the 
action ol diy I'hloi me on di\ thailous ehloiidf' at the oidinar> tempciatuie. 
The ali^oiptioii of ehloime is at tnst lapid, hut is siihscqiumtly \ciy slow. 
Tlmllnmi <Iicldoiide is a jiale ><‘llow, hy^rioscopic solid which may he kept 
indelinitelx in an almospheie of diy cliloiinc at the ordmaiy temperature 
witlioiit any further ahsoiptnui of the gas oeeiiri m;,' it is decomposed hy 
water into lhallie eh 1 oiid(> ami thallium sesquudiloiide ~ 

Thallium sesquibromide, Tldlr, or 3TlllrTir)i„ is not so readily 
prepared as the I'oiiesiionding eliloiide, siiiec it is deeom[>o>erl hy watei 
The best method of prcqiaiatiou is to moisten t or 5 gi<ims of thailous 
bromide with 1 oi ei of watei and slowly add Go ee of hjiumue 
About GO giams of water aie then added, and the liquid hiought to the 
hoilmg point 'riio sl]<;lit lesidue of th.illous hiomide is liitoied oil, ami 
the liltrato eaught m a vessel tliat is cooled liy immersion iii luiiiiim; watm 
Thallium sestjuihiomide siqi.u.iles out in lirii^ht led eixstals U.iter de 
composes tho hroiimh' into th.iilic hioiimh' and a solid the (Oiiqiosition of 
which depends upon the lelatixe amounts of sesquihiomide and watei, hut 
whieli IS intermediate hetwiam that ol the sesquihioumle ami thailous 
.bromide Thallium ses(|Uihiomi<ie forms oiaiigc ^\ellow oi uianucied mixed 
crystals with thailous hiomide 

Thallium dibromide, T1 lb , oi Tllb Tllb ,, is the Imal pnxluet ol the 
action of diy hromiiie on <liy lliailous hiomide, and is be^t piepaitsl hy heat- 
ing thailous hionmle with hiomme in a sealed tube .it 1(H) toi six houi^, 
openujg the tube, ami lemoxmtr tlie excess of luomme by lu'atuig The 
dihromidi' is also piodueed by tlie action of excess of ;i ehloiormin oi i-aihoii 
tctMchloi i(l(' solution of hiomiiie on lliallmis hiomide, hy tlie piolonmd ai Lion 
of an ex< ess of hiomiiii' dissolved in eaihon disulphide on thailous hiomidt*, 
and liy the decomposition of tho iixiliates of thallic hiomide 
• Tli.illium dibiomide is a daik xeilow, ciystallino solid leadily detomposed 
by water 

Thallium chlorobromides.® — The following mteimediate chloro- 
broniides have been desciilied — 

Type T1X.J. 

Tl,('l.Ur, 

Tl.(M;nr, 

Tildllr 
TI,llr,Cl 

^ Abe^r^ and Spcncoi, /titsrh auortj. Chem , 1905, 44 , 37S>. 

“ Lnmy, Av at , Tlminas, /oe i u • 

* Thomas, toe at , \\ illin, loc at 

^ Willm, loe. at., Thomas, loe at, and Couinf. mid, 19i»l, 132 , IJS 7 , 1902 , 134 , 
545 ; Jliifl Soc. rhm , 1902, [111 ], 27 , 471, 474, 481. 

" R. J Mpvoi, loe Lit,, (hishnian , at , and Ainrr ('h^in J , 1901, 26 , SO,'! , Thmiias, 
■Ann ('him Phyit . Ili07, [viii ], xi, 201 , t'ompl mid , 1900, 130 , 1316 , 131 , 8 '< 2 , 12 (i 8 ; 1901, 
■ 13 a, 80, 1487 ; 133 , 736 , 1902, 134 , 515 , Bull Hoc. vhim , 1902, [ui.], 27 , 471, 474, 481. 


TvpeTl..X, 

Tl,(M,Ri, 

Tl,(M,Hi, 

Tl.ClJJi-; 



THAUluk. 



Type TlX,.— Tlic coiniwuiitl TljOKBr^ may bo prepared by treating, 
thullous L'liloiide in SDliition with oxees^ of bromine, Mini eoneeiili.itinj; the 
solution of til. illic clilorobromide TU’llii , om'I* siilpbime anil /« A 

syrupv lii|iii<l jiio liu'eil \\hKli on futtln’i* eoneentiahon be«fins to (i(‘('omposO| 
and velloA in of T1 .( 'I .lb , aie dopiiMted Aii\ lli.illie hulioxidi' pioilueed 
is M'p'ii.ited l)\ duMiit.itioM wliile tlicii' is still a litlle Injiiul lelt. and tbo 
<•1 \st.ils .ire lli«*M lift o\ei Milplimic .icid tintil tlir\ an* di\ The eoiiipoiilid 
Tl,t'l.lb^ foiiiis Miljihiii M'llow, oithorhombie piiMii.s, and melts at 1(55" to 
a \ello\\ liijind It is deiomposod li\ w.iter with the piodiH'tioii of impuro 
Tl,('l,lh , wlihli ni.i\ lie pimlied h\ i < (‘i \ st.dlisim; it fiom hot walei 

(/j) 'I he (ompoiind TljCljlh , is ni.i le by the method outlined foi 'ri,('Lnr|, 
but the st.ii tiiio matei i.ils aie th.illous luomide and (hloiine It lesombloH 
till* ju< eedin^' eompoiiiitl, .iiid is ilecomposrd bv watei willi ihe piodiutioii of 
TljCinr, 

('‘I The eoin|)ouud TK'lib is oht. lined h\ IumI im: thalloiis ehloiiile with 
biomiiie 

(<t) The eoui|)ouiid Tl.lb ('1 u.i'' oIiI.iiumI h\ (‘ushnmn lt\ theaetion of 
.Kjueuiis t h.dlie hi oMiide on t h<* i ompouiid Tl,lb,('I, It 1 1 \ sl.dlisi s m \ lh)W 
HIM -lies 

T\ pe Tl.Xj - {’) One mithod foi the piepii.ition of tin- loinjiound 
T 1 |(M lb , h.is lieeii 'ji\<ii iiiidei lu) al»o\e It is .iKo s.nd h\ ('ushiu'iii to bo 
piodu(iMlli\ hoiliim .1 solution of tliallie ( hloiide with th.illous luomide and 
eoolinir, oi li\ hoilue.1 .1 solul loll oi thallie luomide with tli.illous i hloi ide, It 
Is also pioduci'il when .i limited (|u,iutit\ of hiomme is .iddei] to th.illous 
(hi. Hide siispoiKhd III i old watei, the \ellow solid pioduied dissol\ed in 
hoiliiio \sat(U, and tie lilti led solutlop sl<o\ I\ eooled The hlti.iti* 1 1 on l til® 
ilepovitid iiNst.ils, u hell ( (UK eutiated .iml eoole*l, ilepo'it'- liioie ol the eo 111- 
jioiind Tl,(*l.ru„ in si\ sided jilatis, hut mi'id with medlesof the eompouriS 
Tl,('I,l'u. 

(/) ( hie UK thod, due to Thom. is, foi the ]uoduetiou ot TH'I,ru, h.is jiiNt 
lieeii iiKiitiom'ih hut It Is (hllii lilt to oht.im tlieeompound iii'e fiom admixed 
'l'l,(l l)l, I! .1 ^h^el .Old Cusluii.iii h.iie .ilso dcsi 1 lint! pioiessesfoi tllO 
jjieji.ii.it loll ol 'ri,<'|Jii^ fiom lli.illous (hloiide, luomim, and w.iler 

((/) 'J'lie piep ii.ilion of Tl,( 1 lb, fiom tli.dloiis luomide, eldoiiiie, and 
w.iter liris lueii deseiiheil li\ It I Me\ci 

Kaeli of the eompouuds 'IMM.I’r,, 'ri,<'l br,, and Tl,('l,lb, foims dark. 
Oi.moe-W'llow ci_\ st.ils, spaiiiiLdy 'O'luhle III w.itei ANith i isp oi tempeiat lire . 
the I r\ stals ra|)i(jl\ heeome deep led inioloui The two nn ihods j.M\eli by^ji 
(’ushman foi the luepamtiou ot lb, are .'..ud h\ that .luthor to yield 

sleteo-isomiuie foinis of the comj»oun<l, hut at juesriil this eaniiot li© 
rojr-irded as |jio\ed ‘ 

Thallium sesqui-iodide, Tl.l, or .TJ'IITII., has been desrnhed bv 
Kiiosel > The eomjjound Tl.l,, or .VI 11 TII „ was divoveied h} Slre« kei, anUj\ 
later, piejjaied by .hu^ouisen - It li.is been shown b\ \be«.r^ and Maitland ■ 
th.it thallous iodide jiasses into this eomjioniul at in the jjie erne of ft', 
solution of lodme iii water or potassmm iodide sulniion, pio\irled that th© ' 
concentration of free iodine in the lujiiid jjhase exceeds OOOl'.t oram pc^ 
litre, ljut dois not ex( led 0 0.'^2 jri.im jier litie. M hen the f om entratioii o4'' 
free iodine exceeds the hitter x.ilue, the comjjound Tl,l, jjasses into thalUd 


Kik-mI, lln , is:4, 7, 57(5. m 

SticcktT, .Innalut, 1805, 135 , 207 , Joiguisni, J, prakl. Chnn., 1*572, |ii.], 6 , 8 ?, 



' ’*l 

"'-iodide. The compound T1,I^ is a black solid, sparingly soluble in water and * 
|?''-organic liquids witli partial decomposition.^ 

?' Thallous chlorate, TM'IO,. — \n aqueous solution of this salt is 
'’obtained by dissolving thallium in aqueous chloric aeid, or by mixing 
equivaliMit (plant ilies of barium chlorate and thallous sulphate in solution. 
The chloiate sejiaiates from lutueoiis solution in microscopic prisms of specific 
^ gravity H 017.- The solubility, iii grams of salt per 100 grams of water, is as 
follows : ™ 

Temperature, '’0 . 0“ 20° 50" 80° 100° (J. 

Oramsof TK’K), 2 00 3-‘J2 12-7 3.3*7 57 3 

One litre of the saturated holiitum at 20’ contains 38 53 grams of th.illous 
' ohlorato (Noyes and I’arrcll) Wlien heated to 180°, the chloiate (‘xplodos ® 
Thallous chlorate is inonochnic and isomorplious with potassium ehloiatc; 
and these two salts foim an incomplete senes of mixed ei\stals with one 
another.* 

Thallic chlorate, T1(C1(),), 4U^<), fonn'. deliquescent, rhomhu; crystals ^ 
Thallous perchlorate, TKUO,, may he obtained in aipicous solution by 
dissolving thallium mafpiooiis perchloi le acid, or by mixing barium jiorehloiato 
* and thallous siilpliato It crystallises m ihomhic tablets (u h (•--0 7978: 

1 ; 1*2898) of density t 81 1, and begins to decompose at 300 V* The solnhility, 
in grams of anhydrons salt per 100 grams of water, is 10 0 at 15' and 1(>I) (> 

' ,at 100\ 

Thallous perchlorate forms a complete senes of mixed crystals with 
, potassium peichloiale, with winch it is isomorphons.'^ 

Thallic perchlorate, Tl((31()j), .011,0, forms white, li>groM‘opic crvstals.® 
Thallous bromate, TllhO,, obtanied by diss<»lvmg thallous oxide or 
carbonate m atpieons bromic acid, crystallises from a(jneous solution in 
needles It decomposes at 100“ and detonates when heated lo 150° At 20°, 
100 grams of water dissolve 0 317 of the hiornate , at 40°, 0 7 11 gram ** 
Thallic bromate, Tl(lliO,), 31 [^O, forms wluto, hygioseopic crvbtals 
Thallous iodate, Tlio,, is obtained as a wlnO', eixsLallme piecipitatc 
when a solution of an alkali iodate is added to a solution of a soluble thallous 
salt. It begins to decompose above 150°, with the evolution of oxygen and 
iodine.** Ditto has cleseiihed a hemihxdrate, 2T110, H,() *- 

A saturated solution at 20* contains 0 058 gram of thallous iodate per 
lOO grams of water.*® 

* Abeggaiui Maitland, ZnM anorg Vhnn , 1905, 49 , 341. 

? * Crookes, Chtm Xnn, 1863, 8 , 159 , J Muir, Trans (Viem Soc , 1876, i 867 

' • Guwocko, ZeUsch annig Vhrm , 1912, 75 , ‘272. 

< Stortenbi'k(*i , Hoc. Uar thim,, 1905, 24 , 63; Roozoboom, ZciUJi, jiht/sdal C/ifin , 
,!891, 8, 613. 

\ • flewi'cke, lor. cit 

' • Ros(’ 0 (', J. Ohfin. Sac., 1860, 19 , 60-1 , rf. Carnelloy and O’Sht-a, 'Trans, i'ktm ,S'or., 

. 1884 , 45 , 409. 

^ SCorteiibekoi, foe. cil. 

5 ^* ■ Gowfckp, lot nt. 

S? , 1 * Bottger, Zatteh. physdal, Chrm., 1*903, 46 , 602; N03C9 and Abbot, ifti.f., 1895, 16 , 

> w Gowecki*, loi'. Cit. 

RAnimc'lsborg, Btr., 1870, 3. 360. 

Ditto, Ann. ('him. Phys , 1890, [vi.], 21 , 146. 

• Bbttger, loc. eiL 
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and m'j? Kl 

bfltlon 1!?.'?? P^^anganate, TlMnO,, proparcM l.y ,l,.,.l,l,. dooo.n,,osition"' 

-«ipi.«to.,.rv.,aii,so.f,.„.,.,„eou..,. 

TFi\[,[iir\f ^Mi nii; ()Mr.i:\ (Cnorp. 

Oxides and Hydroxides of Thallium. T«.. Iumc s ,.f tl,,, ilium 

rT;-;;'''' ''ir::- -.•Mi..-. 

haal...™ ,le«crili,l ^ "" 'J’'A 

lliilliL' oMtI . ^ ■•pproiu'lun.' (lull )(.(lnefia 

IMIu.- ov ,1.. to l,e f»,u,„| app,..,.Ml'|,. amoiTuI ’|'ha|iZ ’ 

a Iku\v 'l'■l>.''l>.^lullf lli.ill(.us I.kIiom,!,. at 100 '. It iy , 

a luavy black pott.l,.,-, „|,|ch lapidlv .tbv.ibs ualci, i,„»|,uii.o tlc.ll.a! 

iydrotul.., tcacN a.tb acala to 'p,.« tballous mIn' It h aiaculr 

ilioMuo and l.ioinino with the pioducta.ii of (hloiidc,s and bioniidni of '■ 

inonolid ' •( ’ ““ ..'.(dily in a Mrcan. of ca.lZ^,’ 

ne...n..'!“"f“! f.oin a.pnan.s .solution n, yellow/ 

Zrb.nvtV’'""'"'’ .li.<Ilona .sulphate ' 

Tli.illons hydiovido is ic.tdily di>so. uit.d into th.dlons osido and water ' 
2TIOII, -TIOi-ll.O, 

wi... capos..,, to ,,di.. but the';;.., ;:'7it itoniiX::. "tkirir ■ 

the ''.'t" ■'i '-■‘'lily >.olnblc III watei and alcolad Ihic litre of 

«'»’ 70 " W" no- 100 - 

* ~.)4 4 3.J. 7 102 8 in.-.O Mir, T.l.t 1 H8«,S 10l!2 6 12«0 8 1503.0 ' 
Tli.illons hy(lio\ido is a ooinpai .iti\ cly btron); b.isc " The aqueous solution' * 
has a st^noli .dkaline rea.Uoi. It preciiHuir nlllS ' 

* Gcwpcke, loc. cit ^ 

^ R J Metier uiiil Ilest, Zi‘itach. anoKf CJum , 1899 22 169 

s n 1 ' fJhcm , HMl, 71, 79 / » • 

6 frt.in the .lata hy lialir, Inr ni. \ 

Ustwald, J, prukt. Cheui , 18>o, [11. J, 33, 352. 





ALlTMlNItJK AND ITS CONOENEIIS. 


hydroxirlo by (l(«il)Ie (IfcoinpoMtton, readily aI)sori.s caibgn dioxide, and 
nttacka pd.ixH , 111.1 |,orr..|,,iri Aivonlii.-ly, iiiilesi Hpeeial mie is taken in 
carbimv bwlioxide is aluays ennt.iimiiateil wiili a little 

Tliallons liuliovaleis oM,l,se,l (o.laik bioiui-tballie l,i,lr„v„|,. hv o/oiie 
Jho lea, tioii li.is been pioposed as a test /oi o/iaie,- but is encn bv other 
Oxiilisiiut aeeiit.s, e ,/ iiirliooeii j)eio\i,li> * ^ ' 

n'h„a**',i '*' 1 **'' ".i'*', olilain.sl, blit the eon, litmus niirler 

WMKfi It IH |)l urliiccd jiMj lio( klioun * 

thallium sesqui-oxide, is pioduccri i,v ihe 

hnif *1 upon tlMlImiii at ttMiipiMatiiics Ix'lwfoii a dull nd 

l ea and i )() , and maybe prepauMl by cleludiaUn. tl.albe livdiovT I 

• Ph/' ' h" ^ foMu by fusmj; tballons sulphate nitiate or 

^ chiomale vvith e\e.‘ss ot pol.issium liy.lioxide at a dull ie<l Imlit ami .Ati-ietimr 

haviMwC; :;i’o;V‘’' mtra.„ to .od ■■ The ei'istak 

Wben b,v,lioi;e„ p,.|„\„!,. ,s to a e,>l,l solution of a tliilbnis silt 



pietei^. ..i;::;:::;,! i:;:!:,; r:;;,',' 

be aim p„„.„t,a (beta, eleetro.|e il,„l elee i ,. s" 

L 1 , " “t (be a I K| u ll, 

f”ep.!ill.,l"' ' 

and’ oxv!.e„"\f's!;;i'''^ '“.'f ' * I’"''' 

La. • " M ’, ' laiiiilly at 1000' " It is i,.,|,i,,.,l bv 

«k 1 to II IS iiisol„l,|,. M, uMieV 

0x100,“"'“'“''' I’""''"'!"’" <-f'<l>alloussnlph'a‘te'a,a|’ 

.11, .y a, 18SS „ 

..(.•iia'""'"""’ 'O'. I-'V. [„], 

Sc'lioiic, 1878,196.58. 

"* ^\llllII, Jnfi f'/iiDi /’/nfi , 1865, |i\ ], c, 5 . 

A Jfl’V ,'*'"’ '"”1 birhiuul, Comfif rn},/ , I 89 I 'no io« 

\ llKinms, i!wi , 1901, 138 , 1697 

» v‘'n '’''7;! ■ 4®' so. 16H . 1907 , sc 130 

» 11 ^ ir- 

?,L»my, Ann. Chim. Vhy^., 1863, [m ], 67 , 385. ' { 



THALUUM. 


Thallic hydroxide/ TIO.OH orTl^Oj is by iirocipituting?' 

a solution of a lliallu" salt with .i c‘\(‘oss of alkali huiioMilc or aiiiiiioniai 

the |)iecM|ulali‘, and it al tlio oidinaty tiMiipnratnnMii iho lur.® 

It 13 aKo piodiiccd l)\ lilt' a( lion oi .dkali lixpiH-IiloiiU* on an aikaliiu' solution 
of a tiialloiis salt ^ 

Tliallic li\<lio\i(lf is a ii'ddi^li blown jmwdor \Mi«‘n InMti-d * to lit)" lUO* 
it IS (a)nipli‘t(‘l\ <l(‘h\iliatcd to tliallit* «»\id(‘, and it is ako iloindratod wln'ii 
}n‘ati‘d in conlait with tlin liqiiid iiom wliudi it lia.s bron pirtupitati'd TiiO'* 
fu'sidy pirfipit.ili'd liubo\idi' i«‘acts loailiK with aciils , but, aftor it has 
boon (bird, sobilmn ni acids is slow, .in<l is accoinpaiiiod b\ p.uti.d lodnction. 
Tlio b\dio\idi‘ is piactioally in.sobiblo m watoi, its sobibibt\ piodnct" iit 25* 
boin;j: »in]y 10 

Thallothallic oxide, 'I’b) or 'I’l OTl.O . is obi mud as a bbnsli black, 
lustioiis pmipilali' when .1 jiei tent li\iboi:en pi loxub* is aildod to a solution 
of th.illons siilpli.ili' whieli has been ni.ule stionjrK alkabnt* .ind cooled to 
liV It should h<‘ wished with cold alcohol and tluMi with tthei Tho 
o\id<' ,ibsoi)is cailion tlioxido, toinnnL; thallii* o\iih‘ aiul thallons i.iilionato , it 
absoihs t»\N;;en at thcoidmaiv lompei ilnic, loi inini; th.dlic o\ide , and ills 
<le( onijtosed h\ told watel, jnodiuiuu: tiialhais h\dlo\ldo and lhallic o\idc " 

Sulphides of Thallium ^Vhon nii\tnies <it th dlinm aiul sidphiir uro “ 
fused, tho>(' lu h 111 ih.dbnin st ji.imIc into two non mist ibh* la\eis of thalloUS 
sulphide, TI S, and thilliuin, whih tlu*sc ijth in siilphni foiin two laM'il* 
coie-istin^r of thallium pentasulphide and sul]>hni MiMnics ( ontaininii; 
ini'ie siilphiii than is )et|Uii('d lot ihalloiis siil|)hidc and less than is letpiired 
foi the penlasiiljihide loiin onh one bt|nui ph.ise, and s<»lid solut urns appear 
tosepaiali when lhe\ aiecotdeil 'Pile nature (»| thcNO soljd solutions m not 
known possihlva thallothalllC sulphide, T1.S TKS , also (\ists, but hiui 
no nieli Ml;/ jwiint '' 

ThalloUS sulphide, Tl S, isiditaimd as.i bhu k pK'Cipilate by Jiassiilf^ 
hMlioiren siilpliulo into, oi .uldniir aniiiionnnn sidphidt* to. a solution of a , 
th.dlons salt In the pio^eiu of a t lai e ot snlphni ic ai id, indioL'en sulphide ' 
pieeipilates the siiljihuh' fioin cold solnt ions .is imeioseopu tet lahedia,'* The ■ 
aiiioiphoiis sulphide hei onies ei\'talline wluii heated loi some hours to 
lot)’ JOO witli e\( ess oj eoloiii less aninioniuni Milphide 

'riialloiis suljihide toi Ills liluish hlack u > slals of deiisit \ S D It melts at ' 
‘I IN", and Is \ei\ luittle He.itcd in h\dro;^en, il is re<bu’ed to thallium It 


' A 'if till- iMinuiI.i ^LiMi at .‘110", Ims I,m n lii si iihcil hy 

'Chim yetiK, ]8sy, 6o, 113', Imi llir raaiula gnui is basn] sol«l\ (ui an » sMination of tli<) 
tliaihuiii iircsi'iit in tin ‘■nli-'taiK (• 

Liimy, Ann (J/iitn J’/ins , iSfi't, [m ), 67, , ('lookis, ,/. f'/tnii. , 1861, 17, 112 { 

WortluT, / p/aU f'htm , 1804, 91, 38:'* , ('.iinclliy and Walkn, hnas i'Umx .Vwr , 1885, 
S3. H8. 

•' Sitccker, Anuft/ni, 186.0, 135. ‘207 , W illiii Axm c/nm /V/#/s , iMl.''*, (i\ ], 5 , 5 ; hm 
alrto .Sdioiiluni, J padt (‘hrm , ls6l, 93, 3.'., W dt/ifii, Anmdin^ J.S66, 138, 1_"' 

^ [n lu'utiiig lli/ilhu oxide UI lodiuxidc, run* iiiu-it he taken to prevent the aecese of 
{jaspoiH produils ot < niiilmslifiii to the substaaee 

“H.J i|n}ei, ^ri/v7/ a/10/7 r/// //I , 1900, 24, 321 J 

" Abejig ami .Speiuer. Zfitsih unnnt f'fmn , lie;.'*, 44, 379 

’ Rabe, ZciNh anurg < h> m , It'O'', 58 J3. !" 

“ IMaboii, Cmnpt unil , 1907, 145, IIH; Ann. f'/nm J’ltys , 1907, fviii. , 17, 628** 
IVlalxiii Miiggfhls llie iiileiiii 'J'lite siiljilijfJe TIvS 
* Hebberlmg, Annn/f-ii, ISa'*, 134, 11 
StAiick, /cifiih anorg i'hcm., 1898, 17, 117. 
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[fl reaflily rlocompospcl by diliito iniiioral acids, but not by acetic acid, and the 
moist sulphide lapiilly oxidises m the air It is insulublu in ammonium 
lulphidc, jdkidi li}dru\id('s, caibonates, and cyanides. 

Tb.illoiis sulphide lias been obtained in colloidal solution.^ 

Thalloiis sulphide forms deHnito cornjxninds of the fonnuliB STLS.As^Sg 
(or T1 ,.VhS,) ami li'I’lXSnS^ ( or TljSnSj) with (nuenic and stnnnic sulphides. 
They may he employed for the j^ravimetiie estimation of. thallium. With 
imaiOM.% antimonioinf, antinioufr, and stannous sulphides, thallous sulphide 
forms senes of solid solutions They are precipitated from mixed thallous 
ind arsenic, antimony and tin solutions by alkali sulphides.^ Thallous 
lulpbiilo also foi ms a double sulphide of tho formula Tl^S 4GuS with cupric 
mlphido, am! lu«) senes of solid solutions piobably of tho compound 
ri^S.2CuS ill T1,S IGiiS and TLS in ThS 2(hiS.^ 

Thallic sulphide, Tl,s„ is not precipitated from a tliallie salt by 
iydrof,o'n .sidplude, thallous sul[)hide and sulphur bciiij? pioduccd ^ It may, 
lowevor, be piepaied by fusing; Iballium wiLli excels of sulphur and icmiovin'^ 
Jxcess of the latlt'i by distillation ’* ft is a blaek solid, bard and bnltle lielovv 
12*, soft and plastic abo\o that temperature It dissolves in w.um dilute 
lulpliunc acid with the evolution of hydiogon sulphide, no sul[)hui sepiualing 
IB smdi. 

With thnllom .sul[)liide, thallic sulphide forms a senes of solid solutions.'^ 
The compound jfotastunin thulhum snlpltuhy Tl^S, K^S, is obtained )»y fusing 
;ogotlu‘i thallous sul[ibate (I pt.) with sulphur (0 pts.) and potassium 
jarboiiate (G ]>ts.), and washing the fused mass with water. It is a reddish* 
irow'ii, oivstallme solid, insoluble m water.’ 

Thallium pentasulphide, Tl^s., is said by Pel.ibon to meU at 127', 
mt, if (pnekly cooled, to icmain pasty at ordinary temporatuies When 
leatcd above tlic melting-point it leadily loses sulphur A eivstalline 
pentasulphide is said to he formed by digesting lhalloim ehlondi' with 
joiiccntrated luninonniin p<'lysulphide solution, hut, aceoiding to Hawley, 
ihcre is no evidence that the substance thus obtained is a dofimte penta- 
mlphide, hut Iheie exists a senes of solid solutions containing thallium and 
lulphiir, III which there is more siilplnii ih.in is lequired for a sesiiuisulplndc. 

Thallium selenides — Accoidmg to Murakami,'’ ihalhum forms thallous 
selenide, TLSe, melting at 3G8“ ; thallothallic selenide, Tl SeTl^Sog, 
melting at 310'% and thallium sesquiselenide, TbSe., decomposing 
It 203". Tho eiiuilihninn diagiam is complex, there being two gaps of 
aaiscibilily in tho lapiid state. The selenides are buttle solids. Thallous 

' * W iii'isingpr, linll Soc. ehxm , ISSS, [ii 1, 49 , 4f>2 

■ ® Hawley, J Phyncal Chm.^ 1906, 10 , 054 , J, Amer. Chem Soc , 1907, 29 , 1011 , ef. 
Sunning, C 7 /f» 7 i. Xiws, 18i)8, 17 , 188 

8 Bruner and Zawadiki, Bull Acad Sn, t^iarow, 1909, p 312. 

* Cf. Slrockoi, Annalcn, 1866, 135 , 207 

* (Jai-atanjeii, J. prakt. Chem., LSiiT, 102 , 65, 129 

* Hawley, lor ci< , cf Schnoidci, vide infia , Carstanjon, J. piakt Chem., 1867, 102 , 
S6, 169. 

Schneider, J prakt. Chem., 1870 , [w ], 2 . 164 ; 1874, [ 11 1 9 , 209 , 10 , .56 , 1890, [11 ], 
806 ; Pog-j. Annnhn, 1870, 139 , 661 ; 1875, 153 , 688 ; Kni'is and Soloicdi'i, ZVr , 1886, 
2736. 

ir' “ K. A. TIofiiiann and Ilochtlcn, Ber., 190.1, 36 , 3090. 

% • Murakami, Mem. Coll Sei. Tolrxfo, 191.5, i, 1.53 , ef Ptdaboii, Compt rend , 1907, 1451 
[| 8 ; Ann Chm. Pkys , 1909, [viii ], 17 , 626; Carstanjen, loc «/., Kabie, Chim. 

1867, [vi,], JO, 638 , Kuhlmann, Bull, Soe. chm., 1864, [u ], I, 380 
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‘iialenide may be precipitated by pas^sitij: liydrogcn boIcuuIc into aqiieoai(.^^ 
thalloua carbonate It is deconifiosetl by acids 

Thallium tellurides — Tho fljstem tlmlhuin - tellnrinm lias been studied • 
by the thcnnal method by IVlabon and bv (’iiikashige. Thallous telluridCi 
Tl.Te, melts at 112°, and is almost non miseddo with thallmin Tlie lelliiride 
TlJej (or Tl,Tt‘,?) melts at 112* Thallothallic telluride, Tl/lVTl/rcj, 
which crystallises m long needles, is not stable in coiilavl with a liquid phase 
of the same composition ^ 

Thallous sulphite, TIoSt),, may ho piepaii'd hy adding snl])hnron8 
aeid to thallous h\(lio\ide oi by m»\uig solutuuis of thallous Nulphale and 
sodium sulphite, wdien thallous sulphite is pieeipilated It loims whito 
crystals of density (5't27 at 20“, and is insoluhle in aleohol. It can bo 
reerysl.l1 Used from w.irm walei , lOO parts r»f water at 15“ dissoho .■1‘34 of 
the salt - 

Thallous thiosulphate, TI,S,(h, is oblnmed as a white ciyHlalline 
pieeqatate lt\ addlin' potassium thiosulphate to a solution of a tliallouB ’ 
salt It can be crvst.illised fiom hot. water, and b(‘i:nis to dei'ompose at 
lIJO" Sofhufti f/itt/hnif 2Tl,fs,0. i'l\a,S,(),, is Known '* 

Thallous sulphate, is ]»H p,ired by diwihmg th.illmm m hot 

sulphiiiie ai‘i<l, or by addiii<; thallous liMliovide or (‘aihoiiatu to lupu'Oiis 
Hulpliuiic aeid, evapoiatinir, and eiyslidlisiug 

'riiallmis Huljdiate eisstallises m ihomhic prisms (« h r ?= 0 r),’).*).') 1 ; 

0 7.'12N) of densit} (i 70.“) at 20" “* It is theiefoio isoinoiphous with potassium 
sulphate (for which a 1 0 7llW),^ and these two salts form 

a continuous senes of mixed erxstal.s^’ Thallou.s nulphale melts at 032*,^ 
and ,it tem|)('ratuies ahoxe dull ledm-'S it volatilises The mean K'fiiK'tivo 
index, I foi tlio Dime, is extremely high, tho value for polashiiim.ff 

Bulpluile liciiig 1-15)52 (Tut ton) 

One huii'lied oMins of water dissolve thi‘ following amoiinls of thalloUB 
Riilphale 

Ti‘iiq,rr.it\iii, ■(' 0 " 20* 30" 40* f) 0 " mK 70" sd' 90* 9fl-7* 

Ommis. f ll Sn^ 2 70 3 70 4 87 6 7 60 Util lo 02 12 71 116] 10.03 18-4.'» 

At a led IhmI hxdiuguii reduees tii.illoiis siilph.ile to a mixluteof sulphide 
and liii't.il, and .imiiioiua reduees it to (li.illous sidpliidt*.^ 

Numeious donhle mlphntts etnit.iming thalloim snlphato are known. ■ 
With t!ie snlph.ites of the t(‘rx.dent metals (iliimininui, chromium^ n-OH, 
vanadium, yallinm, and i/iodiinn, thallous sulphate forinH alumS, of the 

* P^Itibnii, lui eif , CIiiki'-liiRt^, Xfdvh. iiii» if C/um , 1012, 78, 6S , J'’alMc, Ann, 

Chm. J'h\j,s , 188S, [vi ], 14 , 11, '1 Ai-ciudiiig to Cliikasliigi', tlialloiis tclluriile deen not, 
exist, but tills conclnMuii is qiicstidiiable , 

2 .Soiibei t aiid Kltoii, Zeilich anorj. (’hm , 1.S92, 2 , 431 , 189'}, 4 , 44 ; Riding, ^ jnakt, \ 
Chem , 18SS, [11 ], 37 , 217 

* lli’liliorliiig, Annalrn, 1863, 134. II ; Wtrllm / ptalf ('hnn., 1801, 92, 130, Vort*! 
Dianii 1111(1 I'.idberg, Her , 1880, 22, 'JO 17 , Jodium, I'h/m Zruh , 188,0, p 012 

* Tiittoii, Vror. Roy Soc., 1907, A, 79 H'd. 

* Von Lang, /'Ad. May , 1863, (i\ ], 2 ri, 248, Amvden 1863, 1*28, 76 , Tut Ion, lor cU. ' 

* Stoitonbekcr, /ler. truv. chin., 1905, 24 , .63 1 

^ Cainelloy and Wilhaiiis, I'ravn. Chnn. Sor , 187 s, 33 . 281 ' 

, « F':aTl of Berkdey, Phd. r?tr7M , 1901 , A, 203 211 , Stub 11 , SnhthddU'i (Crosby 

Lockw'ood k Son, 1907), p. 338 , seo also Noyes, Faiieli, and Stew.iit, J Amcr Chem Soc,.,\ 
.^1911, 33 , 1050, 

* Hodgkinson and Fieuch, Chem Xeua, 1893, 66, 223. 
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general formula Tl_,SO, ll'" (SO,),, 2n[_.0 ^ With the sul[)liiites of magnt^Riimf 
ziiiCf iron, lurl't'l, cohalt, ('tnijm, 7H<nii/iineRe, and thallons sniphato 

forms a sene') of isoinni[)}jini'!, iiKunwlitiic, double suljdi.ites of tlio general 
formula Tl SO, MSO, (IH^O, isomoi plums with the eon espondmg soiies of salts 
conliiining .iiutiionmin, potassium, ruhidium, audc.eMum lu place of thallium/'* 
The cnstallogiaphie eon.stauts, deteimined hy Weithei and lu Tuttou 
(zinc salt), are as follows — 


Suit 


T1.SO, MgSO, (111,0 
T1>0, /nSO, ()I1,0 
Tl>), I'VSO, 

TLSO, NiSO, (ilLO 
fK,S(),ZnS(),(;iI,() 


0 71JJ I OoOO-J 101) L>r 

0 7ii:i I OoOlo 101 ) uv 

o- 7 ;u;() 1 0 mi ion r>2' 

0 7131 1 OIOSS ion 30' 

07113 1 onou 101 IS] 


The density of the tlialliuin /me salt is 3 720 at 20“. tho moan lefiaetue 
iiid(‘\ for the 1) line is 1 (lOUI, whde Ih.il of the potassium /me salt is 1 IS/d) 
(Tultoii) 

Thallous hydrogen sulphate, TllIHO^, is obtained wlnui thallous 
sulphate is dissohed in sul})huiie aeid and hiought to (onslanl wisght at 
220'* to 210 ’ * It may he also eiystallised fiom a solution of thallous siiliihato 
ill moderately eoneentiated suliiliuiie aeid, and exists in a monoidinie and an 
ortliorhom))ic(/) form, wliih' another modilication would a])peai lo exist, 
Hinee the salt is isoliimorphous with potassium hydiogeii sulphate ’ 

The (tcid Riil/Jnttf, Tl ,11 (S( eiyst.illises when a solution of thallous 
sulphate with ten e<pii\alents of sulphmie .u*id is eoneentiated 'J’he el^^t.ds 
arc tiigonal (o e-- 1 3 7l7t' Aimthei modilieation piohabix exists, since 
the salt Is isodimoijihous with the eoi responding potassium salt 

Thallous pyrosulphate, Tl,S^tL, max he piepaied by he.itmg thallous 
sulphate with suljihur tiioxide ' 

Thallic sulphate, T1,(S(),), Vnliydious thalln* sulphate is said liy 
Moyer and (loldsehimdl to be oi)tained liy In'atuiL' aeul thallie sulphate to 
220'. The he[)tah)diate, Tl ,{S(),), 711 has been deseiihed b\ Stic'ekei,^ 
but later expeiimenteis haxe faih'd to jux'paie it 

3'hallie sulphate is lixdiolxM'd hv watei with gie.il le.nlmess, blown 
thallic liydroxidu se[)aiatmg out" Fiom a hot solution of thallie iixdioxide 
in moderately eoneenliated sul[)lume amd a fia'-iv tli'iHiv suffilmfr, 
T1(()I1)S(), 211., < h crystallises out, aeeompanied b\ the amoi plums b.isie salt 
. Tl(OH)S(), 11,0’'' 

i 

^ SfO p}' 81, 82, 83, 148, lito, tin* Mil)',o»|UPiit xnlumi’s ut thisspiics; joiil Ijiinx, .'inii 
Chm Plo/'i , 1863. [m.], 67, -'IS.",, Sout, .infi Sn p/iiff nnt , 1S81, fin !, 12, .'if).? , 18S8, 
[ill. I, 20, 620; Soict nml J)ii|iiir, ‘ibni,, 188ti, |iii I, 21. 00 ; S|)iint', Jin , isa i, 16, 2723; 
Polls, lln . 1880, 13, 307 , Co'.vi, Nmto (Jimrutn, 1870, (u J, 3, 76 , fi>’i., 1878, ii, 811 ; 
Stolba, J Chem Sur,, 1874. 27, S73 , hocke, Aimr f'/trm J , IQUl, 26, 106. 

® Wcillii'i, pudf Chnn , 1864, 92 , 128, .t51 ; Willm, Ann ('him /’//v , 186.6, [iv.], 
5, 6; L'liny and 1 W1 i)I7<mii\, xhuJ., 1809, p'' I, I7> ’UO , TuUon, Jbor Untf .S'oc , 1010, 
• A, 83. 211 

*' Hmwimig, Ain<i J Sci , 1900, [iv 1, 9, 137 ; Znt^ch anoitj (%m . 1900, 23, ]jj 
* Storlpiihckei, AVr tun thnn , 1902, 21, 87 , 1905, 24, 53 ; 1907, 26, 218 
® Gossuei, Zfxtbch. Kiyat. Mm , 1903, 38, 1.68. 

" Stoilciihpkei, fin iif 
’ R. Wehei, Jin , m\, 17, 2’.02, 2707. 

Streckei, Annahn, 180.6, 135, 2ii7 
® Soo Maisliall, I'ruc Rmt Soc. Et>in , 1899, 22, .696. 

'Willm, Aim C/imi. J*/iys., 180.6, [iv.], 5, 6 , Muidiall, loc. at. 
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Acid thallic sulphate. ir.SO^ Tl/SO^V Sir^O, crvstnllisos out, aecoM- 
inp to and (JoMm liiiud't, fiom a soliitKni of tludlic* IndrcAido ia. 

ooncontinti'd sidpiiuiic acid. 

The following double sulph.atcs coiit.iiinnir tiudlic sul]>lialc juc known ' 


Hb,S(),Tl,(S(»,)^ (a, r) 

N.i'mJ, 'I' ljSO,), (<) 
(Nil.) so;T1.(S(),), (o, r) 
;i(Nli;),S()/r!.(.s(),), (a) 


(\.s(), Ti.fS(),),(?n.() (h) 
('s".^o (/*) 

Kii.so*, Ti.(so,), sn.c) ,, ,/) 
K M), Tl.iSO,) .‘<11,0 (r/. r,//) 
Na.SO, T1.(S(),K.“)II,0 (.) 

Li,.sO, Tl.(.sO,),*(;H.O (c) 
(MI,)..S0‘,TI.(S0,),V||.0 


Fuitlici, M.U'^ImII has picp.iicd the b.isic salt of the buinul.i TI(OlhSO, K SO^ 
Timlin nwiii'imtnn T1 .(M>,) t \ H ,) SO, .‘<11 ,0, ci \ st.illises mi iiioiio 

clinic piiMiis Ki /< f -- 0 I 0 , /^ IJ.') ,*{.*< I - 

No alums of Ihilhe sulph.ite h.'ivc \ct been picpaied, but I'lci ini and 
Foitini h.i\e piep.iicd niivnl ci\st.ils of .uniiioniuni .dinn and .iiniuoniuni 
thallic alum ^ 

\ nuinbci of thallothallic sulphates Im\c been desenbed 'I ho 
ainiplcst C(im|M)und, 'I I so, Tl (.st >,) , s.-p.ii.iies Mom a vnlphuin a< id .solution 
of the sulphates, mixed ni tin* i.itio of iIm'II moIe( nl.ii wciphts, in civslalH 
\shich .lie s,iid b\ M.iish.dl to be piobabh oi thoi hombic ‘ M.nsh.dl hart 
also pic|).ued double sulpli.it«s o| the toimiihe ."iTl SO, ’I'l |.so,) , and 
*J'ri So, 'I’l ,(.S0,) , while \Nillm ' has desiuibcd a compound ol tin* loimulii 
•JTl.SO, .rn .tSO,'), ‘JJM .O 

I’lV oMflisinir .1 s()lutionol th.illoiis sulphate with bromine and ei \ stall isinp,’* 
Mcxei .iiid (loldselimidt h.i\( [iiep.iiMl 4/01/0 Tl.Jh* ,S()^, , 

Thallous persulphate, |nep..iid bv doubir* <leconiposition 

between .Mumoniiim 1 »( r.sul[ili'i(e uid tkdloiis snlpliatc, oi b\ t lie elect lolysiH 
of thallous siilph.itc in a diviili'd icll, Iomo'. nion<M Iiiik' cn.st.ds isonioijiliouH 
with the .immoniiim s.dt " It is isomcia with th.dhilh.illi<; snlphiitP, 

TI .SO, Tl.(SO,| 

Thallous dithionate, o picparcrl m .epnous .solution from', 

hanum dilhion.ilc md th;ill«»u> siilph.ife ni ci}iii\.ilcnt pioportmn.s It ^ 

n >st.illiscs III sliimiie. monoclmic pii'iiis (</ h t 1 M .'IDKii ; 

i)G’ ;)S ) ol diMi>il\ .1 TiT.'l, and <»uc piam «»f tin* s.ill at |i< i)' (IimnoIxch in ‘J’39 
pi.ims of w.itci ' 

I’ol.assium dll hionatc foinis trieon.il ci\s1.d'., hut with thallous dithionate 
it pivc.s two senes of mixid ei\s|.iK, so that each .s.ilt is ptol/ablv di- 
nioiplioiis '' 'I'll. illoiis dithionate Is isoiiioi phous and forms monoelinK mixed 


' (a) l‘r». ll.u, S » yf./.;; , I'H/2, 24, ‘t05 ; f//) b..( , I t (%,n ./ , 1002,“' , 

V' J80 , (.’) |{ .[ M<‘3«‘r iiihI (Jehlsi liuiiili, /;./ , MIO.'i, 36, ‘iia, >»/ rieiiinmnl Joutinh *' 
ZtU'sch. (nmr'i f'h'in ItOj, 31, 4‘.1 #) .Sim koi, inc at 

“ I’.iiiirhi, tin. >/fii, I'.to.'i, 35, n 

® I’icnin .iiiii Ki)ilirii, //-//s h «,/.././ r/„ nui'j 31 if,] F.-iinn. fin z>l(a. ][tOri rs. I 
11 450. . 

* 1'! rajisjus, Chrm y.n\h , Is'M, i. /.‘M 

■' lllm shin. ('h\n\. I'liii-^ , I'-Gri [i\ ], 5, .M/ruif, .1 non/avivhi n f'lmun (laMlizift.'^ 

\ol 111 , jif. ], |i 146, ^1;' 

* Kostfi nail K .Simlli. J. .innr f'Jmn S'ry , I'iip, 21 , 934 . M«i-.li.ill, ihul , 1900, 22,48.*^,' 
~ Khiss, Avvalcu, 1886, 246, 17l», J81 , I'otk ys<^t^'h hiy-t .Mm , l.';6J, 6, ICO. 

* Stortcubeker, loc. cil. 
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crystals with h.-iuiitn dithionatc ^ It also forms a triclinic, douhlo salt with 
thalloiis Bulpliatf, .Tri„S,(), Tl,SO,, anda monoolinu- compound with thalloiis 
hydroxide, Tl .S/)„ TJnli 11,0 ^ 

Thallous selenite, ThSeOj,, piopared from thalloiis carbonate and 
, selenioiis acid, roims micaceous crystals, solid dc in water but insoluble in 
alcohol or cLlicr A<'id thallous sohmito^ TlllSeOjj, is more soluble m water 
than the noiinal s.ilt^ 

Thallic selenite Tl,(Se(>j,)j, may be obtained in wdiitc ciystals by the 
action of solcmoiis acid on Ihallic hydroxide ‘ 

Thallous selenate, Tl.,Se()j, may be prepared by neutialisiiif' selenic 
acid w ith thallous hydroxidoor carbonate It crystallises fiom watei, m which 
it is not very soluble, in orthoihombic prisms (a'h‘c~i) So.'}! . 1 ()-721.3) of 
density at 20", and is theicforc isomorphous with potassium selenato 

{a:h c - 0 57111 ‘ 1 ()'7.')IJ)). The mean refiactive index, 1 !>575 for the 
D-line, is very hi^di, the value for potiussnim selenate being 1 OtlOG/* The salt 
is insoliihlo in alcoliol and ethoi , it melts above 400°.*' 

Thallous alnttmuujN selenium alum^ Tl^SeO^ Al,(ScOj)j 2tH,0, is desciihed 
on p. 87 

Of the double selenate^ that thallous selenate may be anlieipatcd to form 
with the seleiiates of the bivalent metals, only the zinc salt, thallous 'itnc 
selenate, Tl SeO, ZnSeO^ (111,0, has been desenlied. It foim.s monochnic 
crystals (a h c- 0 7 170 I 0 5022, /?=10r)* 51') i',oiuoiphons with the 
corrcHponilmg double sulphates and with potassium yinc selenate (a . A c = 

0'7458 1 0 507;}, /i=l()ri2V 

Thallic selenate, ^I’lit^^'O,),, has not h^en desenlied, hut ammonium- 
Mind potassium-lhalhr s>‘lenales, (NII,),SeO, Tl,(Se(),), .sH,() and KjjSi‘0^. 
Tl 2 (ScO,) ,.811,0, analogous to the double sulphates, aie known ^ 

Thallous tellurate, Tl/PcO,, obtained from thallous oxide and telluric 
acid, IS a white, amorphous, insoluhh' powder'* 

Thallous chromate, Tl,CiO|, is proeipitated wlien a solution of a 
thallous salt is mixed with potassium chromate It is also ]nodueed by 
adding thallous hydi oxide or eaihoriato to aijiieoiis ehromic acid, or by the 
action of nminonia on the diehroniate Thallous ehiomato is a yellow ciystal- 
liijp powder, very spaiiiigly soluble m water, 100 grams of wliieh dissolve 
0'03 gram of the salt at liO" and 0 2 i;i'.im at lOD’.^o In hot, concentrated 
potassium hydioxide solution thalhms ehromate Ls fairly soluble, and it 
separates out on cooling in crystals vihich aie appaiently isomorjihous with 
potassium chromate.’* At a dull red heat the chromate melts, and at higlicr 
, tempeiatiires it loses oxygon. 


* KliihHjVof, nt , Fnck, XeitS'h Kry^t Min , 1S88, 14 , 340 , Sloitenbi*ku, loc. cit. 
WynmliDlf, Bull Hoc j/nnu. Mtn.j 1881, 7 , 139 , seo .iIs.o ibui , 1882, 5 , 32. 

■ Kuhlinuiin, Bull. A'oe. tktm , IvSOl, [ii ], r, 3t0. 

* Manno, Ztiltth anoiy Vhem , 1909, 62 , 17.3. 

’ Tutton, Pim Rty. S<>r , 1907, A, 79 , 351 . Kulilmann, tor. at 
® GlaustT, Zti/si/i (iiiait/. (7ian , 1910, 66 , 137. 

'* Tuttoii, P/oc Roy. Site., 1910, A,' 83 , 211. 

Foitiiu, VOiosi, 1902, 25 . 397 

* F. W. Clarke, Avwi. ./. Sci., 1878, [ 111 ], 6 , 201 , Deoiiis, Doan, and Gill J. Amer, 
.Vhevi, Soc . 1896. 18 , 970. 

*® Browning and llutplmis,, // 7 n<r J Set., 1899, [iv ], 8 , 460, Zntsch anury t'lu;m , 
,1900, 22 , 880. 

5 , “ Lepierrcttiid Lachaud, Compt. nnd , 1891, 113 , 196. 
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Thallous dichromate, Tl.Ci.O;, is pieoiintated as an Oi.m^a'-iod, 
crv.stalliiK* \siiL‘ii holuluuis nt .i .soliililo lli.tllous s.ilt .iiul [lotassiiiin 

di( hioniate aiu mixed (('lookes), and is iiNo ohl.iiiu'd hy tlu' art ion of 
biiljilninc and on tlie climiiMti* fWiIlm) 

Thallous trichromate, >«‘d, rixstalliin*. s|)Mim^dx .-oriihK' 

Halt, IS olit.timvl )i\ tlio .irtioM of nitin and on liu> dirhioinaii*, oi of ron- 
cnitialrd •-iilpliiii ii and un { lir < hioiii.itr {('lookrs, ANilIm) 

Thallous chlorochroniate. (’lO lO'i hci, ol»t.inH‘ii fiom iliallous 

chlondc and ohronm atai, lorms small, piivinalir ri}.stals. dn'ornposed by 

MatiT * 

Thallic chromate, li.n not xrt )•< » n pn-paird, but jHtttimum 

thu/hc <hiuinntt\ K Tb((’i()^)_ 111,0, is known a.s a vrilow, n \slai]ino 

sail, (li'«'oni[)osfd li\ watn - 

Thallous molybdate. 'I’l MoO . is oblanu'tl as a wlntr. s])!uinLd\ solnblo, 
Cl \ .stalliiir solid 1 h doulilr di < omposii mu, oi b\ In iliii;; a solution of a 
tlialloiis s.dt w If li mol\ bdir .'u id Mom* toi.ipli x iiio|\ bdatrs (if tlir lonniila* 
TI.011M..0,, .rn.O.^MoO . T1,0 IMoOjI.O, and 'I’l I .O lJM..O.^, ba\.‘ also 
brni dcsri ibcd ■ 

Thallous phosphomolybdate, o'l'l o J 0 M ..0 . has b»*ni drsnib-d 
by h( bm\ and thallous silicomolybdate, -'Tl^o SiO. I.‘{M(.o., » 11^,0, liy 
I' iniinitH‘1 ’ 

Thallous tunj^State, Tl.WO^, is obtaniMl by bratm;; a<|n(*ous tballous 
I II boiiatc w If li fiiii'j'lK oxide, as a s[iaun,^b si.bdde, wbiti , MXsialliiu* s<ilid 

Thallous phosphotungstate, Tl,Ol't)JjMO ill o, b.n been de 
scrilid ‘ abo acid thallous silicotungstate. 'i Lo 11 no^io, Il’Uo,) '* ll,o* 

Thallium uranates 

Tr\i 1 If M \M> ini' Niimim I'S tii m i* 

Thallous azide 'Iixdionilnde, b\di o.mM*, 'IlN , IS pireipilated .'is a 
wliile, n\ I dliiii 'obd wlnn ’'obilion-, of thilbjii'* suipbate oi nitrate and 
so.liKiii a/iife , lie mixed It i.s spaniiLdx sulubb in eold, mote leadih soluble 
ill liot Watn, Mom wliiili it sep,iiat< ' on i'ooliiiLf in tHiaeonal needlea 
('I • 1 0 'I'^Sl 1 isotiioi plioiM wiili the pot is-'ium .nid lubidnim saltH 

Tb.iIIous a/ide slow h tniiis blown in ^niiliLdit It melts at .'bll' m an 
atmo'plieie of eaibrn. dioxidr, .iii.i is ieduee»l to tb.ilbum wlu*n bealetl in 
hxdiop'li When siiddenix lu.itni oi vub|en««l to •'iioek, it e\plod<*s ” 

Thallothallic azide, TlN,/ri(N , 1 ,. mjmmics m \«llow, oitboibombio 
iiei dies will 11 tballa lixdfoxide is fii'Vfilxid m .i.picoiis hxdia/oie and and 
the solution exapoiated in xaniuiii oxei sulpliuiic aeid It is \eiy c\])losi\o. 


’ I/< |ilM ic Hiid I. K Ii iiid, , Js'i], II 2 , 

- IIawl(\,./ Aiiui t'h.m , l'n )7 29, .'no 

’’ iJcI.ifdiil one, Jm/i ,Si I nnt ^ Is'ir, 30- , I If tiitieii}^ ./iifiriAtrt , I80P, p 250 ; 
JuiiiiM, Zul'^rh avont t’hcin , ] 0 ii 5 46, -I'Jd , Wniijie, ihiU , jyij^ 78, L'OS 
* llfliiiu, mil/ , ]''08 66 , 701 

' I'lnunita-r, r,nnpf lend , 1&81, 92, TJ*?! 

Fl('i'iiijiri>f, /or nt , sMMilso ''(’li.ii fi-i, nni,i'i r/o m , r.'04 38, 1 1'J 

' IVi hold Ann. C/inn I'/nii., {xi J, 22, 187 
I’ Wymiiliiilf, JJii/l Snr filing Mm , ISOs 19, 219 
'* Holton, Aiiiri (’/iehii'* 1872, 2. 

Rosonli'im*|| Zf it'll h. Kry\> Mm Troii, 33, so 
" I)c*niiM, Doon, oiid (Jill, ./, Anu, C/um ' A..- , IH'.rfl, 18, 970 , Cuilius and Kiss..m, 
J. piaU. Chem., 1898 , [11 J, 58, 261 . 
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Hot wator decoinposos the eompoiind, thallic hjvirovido hein^? precipilated 
and thalloiiH a/ide ifniaMiiti;; iii boliition ‘ 

Thallium nitride, TI,.N, is obtained as a black precipitate wbeii li'piid 
ammonia soliilions of Iballoiis nitiato and potasMiim aninlo are iiii\erl — 

.rn N + :iKN i \, TijX + :ik no, + 

It dissolves 111 a litpiul ariiinoTiia solution of animoniuni nitiate, lefoiniing 
tballdiis niliatc . — 


Tl,N I ;iM(j.N()j- 3 TI\(), 4 - 4 NJl 3 , 

and also dissolves when e\c(‘ss of potassium amide is added The latter 
Hohitioii wbenovaiioiatedat - It) deposits \elIott ei \stals of potassium amide 
and ihj,nUMinm ammnnnthalhte, TliNKo'lNH^, a compound wbicb dissociates 
at L’D' m vacuum, lea\m^' the comi^ound TlXK , 2MI , - 

Thallium phosphide.- -Ac( 0 i<ling to Lnmy, Iballium and pbospboiiiB 
eomlune when heated, hut no delinili* coniponnd has yet been isolated * 

Thallium arsenide —When thallium and ai.senic in atomic propoitions 
are heated tojj;elher, a wliite, soft, eiNstalline rna.ss m ohlained, winch is de- 
composed by cold acids, aisme biant; e\olved ^ 

Thallium antimonide resembles the ai.siaiide and is lueiiaicd in a 
similar mannei ' 

Thallous nitrite, TIX().„ is piep.iied liy mivimr solution-, of tieillous 
snlphato and liaiiiim nitiitc, tilteim-, c\apoiatin^r (|„. idnat,. ]„ 
adding' alcohol It forms oianun‘ied ciystals Th(‘ eoncentialed a<imoiis 
Holution IS >ell()w, but dilute solutions aic neailv eolouiless The diy salt 
has a low mellm^^-point , it is unehan<:ed at I lO , Imt at bnrhei tempn alines 
decomposes into thallous oxide and oxides of nitioi-cu, us stabililv litnm- 
niuch iiifei lor to that of the alkali lull ites 

Tuple intiites coiitainiiii; thallium aie known ’ 

Thallous nitrate, TLNO. — Thallium dissol\(‘s U'adily in nitiM' acid, 
and by dissolvinp the metal, thallous o\nh‘, hxdioxidc, oi caiboii.ite in niiiic 
aeifl, a solution of thallous nitrate is obtained from winch the salt i nstallises 
in the aiihydioiis state in oi thoi hoiiduc piisnis (u /j r OTilt)') I ‘ 0 t;,") 07 ) 
of den-sily T) At 72 S' the ihombie substance chanyes into a ihombo- 
hedial foini, which at I I 2 Ti chaiijies to a cubic morlilication , and this, at 
2 ()b , nu'lts'' On cooling, the lexcise changes t.dvc place Tin* tiansition 
at 72 S is a xery .slow pioeess At tempciatuies above .‘lOO' decomposition 
of the nitrate take.s place, it is rapid at I 'lO', eiystallme th.illic oxide being 
left, and oxygen, nitiogcn, and oxides of niliogeil l)emg exohed A little 
of tin* nitiate xolatili.se.s unehange<I 


* Dpiuus, Doan, and Gill, /or cii 

* Kiiiiiklui, ./ f'/n/Siatl Chnn , 19I2, i6, < 



^ . inaf , 190I, 138 , log? ; 

Ball and Alnaiii, 7rnv^ i'hf.m Rm , 1913, 103 , 2132 

in, I 18 , 448 , Ball and Aluaui, 2 ’/«/is rhcni Soc., 

i91op X 03 i 2116 

Laiiiy, ^701 C/iini Phi/s., 1863, [ 111 .], 67 , 386; Lainy and Desrioizi aux, 1869 
[iv ], 17 , 310, Miller, Proc Roy S,k , 186.s, 14, 655. ’ 

«* Van Eyk, ZtiUh pkusikal Vhem., 1905, 51 , 721 , 1899, 30 , 430 ; Gossner, Zettsch 
Kryst. Min., 1903, 38 , JIO, ltet;{uis, JcJirb Alin.^ 1896, u. 183. 

“ Thomas, Compt. rend., 1904, 138 , 1607. 
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'J'l N < ) , T] \is{\i\), 'D 1 1 - ( \ ( ) , ) , 'J’J . H ir( \ ( 
1^. ' .*) ;{ - ■ o 

lu;) 7(r 7,i mj. 


Thalloiis nitrate is iiisoliihlo in alool.ol Its solubilitv in uator is mveu 
in the following table — ^ ‘ b ” 

i C.^0 10 20" 30“ 40* bO* 60" 70’ 8(r ‘M) 100' 105* 

> Jjj J4J 0() «J ;{(> j I,; > jjj, - jijjj jij j) r,(^.Q 

A saturated solution m eoiit.i, t uilh eveoM, of tlie salt IkuN at lOo’ 

11, train ‘' 1 ^“ Of nili iK' aud siliri, niet.-uious, or meicurio 

Ultra c aio useful li,)mds in uhal, („ elleel ll.e sqaiatioii of niiiiei.ils liy 

Kettr'era -7““®“' ‘"‘'"''iiiK and deiiMtuss .no due to 

S.'S'S'v,;" "w'' '"iiaxo.i, rijiax.y. 

Meltiiiff-point V 20;")’ 7(r 7,;* I jJj. 

When thalloiH 111(1 ,ie m dissolve, I „i .-old ni(i„- id i.lensitv 1 5) and 

euTsi'dl'i " 'i' ""'n ■' *' ‘ha'lous nitrate, TIS(i,.L>|iNO,, 

lim'd ens';!'"" •' ' “or 

(h,. e.^stals d..jiosit,.d lion, a solnlioi, eoiilainiiiK both 
i Os's, , ' •‘'‘'a","’ '""'I'ldvl 11,., I (Into two 

rh 'Ti ^''rr r r"": ..f „,aiious s:;,': i:'.:^ 

yie itliii sine, l.,.ing rl,omhol„.di.d '1 In miv, I . ivsi.dh ai,' (laiisforniod 

at o«,n teinjH.i vt""., ,„lo o,|„., ,,_,stdl,n.. , and tl„-\..riou8 

U’omns,, sid.ddv ,ai, MU, las, t, si milled,. ,e, e 11,,,. 

/i„ iiiO.if, an,l also r,#.o„,„ foT,,.. coniniiaais wtk's of 

■■med ,.. vs, als vvul, ,|,,,I|„„, n,„a,e ' 11 , e , nbie eivstais i,eX! 

ilioinboheili.d at lovver t, ni|,eia(,ii, ». a,„l Ihos,. „,(!, a vcr\ 'in di tlialimm 

ome oithorl,,,.,,!,,, al sdll low,, (.•,„| , lalm, ‘ ( nl,,.. ', .'S 

•ilvva.vs hep. 11,11,. f,,,,,, il„, fn^.,! mudiivs, ,„l,.;iiuni 

na'ndomd"' -'■"•''■■nl Iron, (boso ai„.ady 

>.,,r'!7''n"""' ^0""’' “ '■imdiiiioiis ((^ si.iies o| .•nine e, ystals 

W li (liallous nidate 'J'l„s.. erist.ils sep..,,;.. f,.„„ m.,,| 

toinpemtnier" ‘ ar,-' hlable at lower 


[vn'j.'l'.' ‘‘tix p. C: u’ ii '* o;':,. ,/* "v 

«-,,a-.Ki,„„,T,.NO,p,r TikbJ pMO'i « 

-Vei . ISM^i’ii't'A^in" ' ‘ "■ f''’’ *’“"'"■'1 •i‘d Krii.lii, Aiaer. J. 

sn.r/. I)„i,., r„„,t 

» Fook%wi"v' ,?s S‘' f-' 9«. m 

<!hn« I'silii', m'til 72l"';^ a"'"'?' J-’*-'"' '■ 

Hull SW , J/in r pi, 'i''.. .See also « all. ,d„t, 

Ar„vt J/o, ,203. 38, 110 

v\allerant, foe cU 

• Wallerant, loe. at. , Compt. rend., 1905, 140, 1045. 
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Silver nitmtr forms no mixed crystals with thallous nitrate, hut forms a 
compound, TlNOj A^'XOj, which molts at 82*8'', and only separates as the 
initial solid phase fioin fused mixluruh containing 
48 to 52 molecules per cent of thallous nitrate.^ 
One or two other double nitrates are known. ^ 
Thallic nitrate, Tl(NO,)j, is prcpaied by 
dissolviiiLi thallic oxide in nitric acid It sepaiatcs 
fiom au .u id solution m large, cohanless, tiaii.s- 
paicut, deli'picsccnt ciystals which contain 
.‘511, t) ' 'I’hc s.ilt IS readily hydiolysod by w.itci, 
and IS e.isily dceompo.s(3d by Iic.'it 

Th(‘ double .salt potaa^tuni thnHir uitrittc, 
K/ri(NO.d. lIjO, icadily cnstallises lioiii a solu- 
tion of tlie mixed nitrates in nitric ai'id (It .T. 
Me\cr) 

Thallothallic nitrate, T1(X0,),.*JT1\0„ is 
icaddy ob(.iine<l by dissolving lluillous intiate m 
waiiu intiic ;icid of density 1 ."iO. The doiiblo 
salt scpai.ites in pnsms, iiu'lls at 150“, and is 
stable in <liy air 

Thallous hypophosphite, Tlll.lh),, is a 

sjiaiingly solidile .salt which cMst.ilhs<‘s in ihoiiibic 
Itip} rariiKls (u h » 0 780 1 0 8Oi;) It nx'lts 

at 150 , and at hii:h<'r tempei.ituies dei oiuposes, 
evolving phosphine and hviMiig ;i n'suliio of 
th.illoiis inet.a- and pyio phosph.itcs ' 

Thallous hypophosphate, Tl,l\(),,, from 

thallous earboiiato and hxpo phosphoiK acid, is 
asp.nmgly soluble salt, which turns blue when 
TlNOiMolec Compos, c.on KNOj exposed to light, and decomposes at 250'' mto 
Fio. 18 -K.iu,hl„ium .lu«nm tlullmm am) tlmllnim nK-taplM.s|.h.^ 

fi.r ihu Hull .us lhcacidhypophosphate, lldl dV)„,pie- 

lutrato— pulasiium am Ui>. paled fiom the acid b.iiium salt and thallous 
sulphate, forms moimclinic erystals, slightly 
soluble 111 cold, luoio leadilv in hot w’ater. It melts at 200“ and (‘\olves 


20A 
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phosphme at higliei teiupeiatuies '• 

Trithallous orthophosphate, TI PO^, is obtained by afldmg excess of 
thallous carbonate to phosplionc acid, by nnxiug thallous sulphate and 
d^isodnim hydiogeu phosph.ite aial .iddnig a little ammonia, or by fusing 

0inni met.'iphosphate with two moleciil.ir proportions of .sodium caiboiuite. 

j I-),,,, ^’'’h>*^'h'ss, anhydrous needles of density t) 8i), and 

a j ^bie litie of a saturated aqueous solution contains 4 97 

" Willm , ('uutaiijVbate at 15“ and 0*71 at 100^ The phosphate is insoluble 

* Curstiiiijoii, ,/ pi(d( V 

® ('rti.st!ii)ji-n, lor cU. , Oiii 

^ ^ oi'H, A nntU'i Oird. llftnivls Ans'-tt rdatri, 1900, 2 , 480, /i'lhJi. plti/mLal. 
Ball and Aluiun, I'niut flsftss lOO.'i, 91 , 

" Przjli^lla, Ztilhth (Ih.jm/. C'.i mnl.U ondol, Btr 190.5, 36 , 40.iri. 

191. *5, 103 , 2116 ' 35 , ‘JO 7 ; R. .1. Zeitsih anoig ('/ton., 1900, 24 , 

” Laiiiy, ..4io(. ('/tun I'hi/’t., 18t UI .O 
[iv ], 17, 310, Millri, A.*c Koif Sthfni J , 19iil 26 , 275. 

® Van Eyk, ZeiLst/t phnssikal. 

Krifsl iViM., 1903, 38 , no , |{cL^{i'is. „ 649 ; Rniimelsbeig, J piakl C/iem , 1892, [ 11 .], 
*• Thomas, Compl. retid,, 1904, 138 , 



THALLIUM. 197 

in alcohol, but dissolves readily in nqiioous solutions of nmntoninni salts. 
The aqueous solution has an alkaline reaction ^ 

Dithallous hydrogen phosphate, TIJIPO, lU), may be propareil 
by neutralising a boiling solution of phosphoiie acid with thallous eaiboiiati', 
evapoiating tho IkjukI to a syrup, and allowing it t{> ci\stallise. The ciyslals 
are orthorhombic (<i h c = 0 0.‘U I 0 607) and isomorphoiis with sodmm 
dihvdrogcn phospliate, NaIT.,POj H„0.- The anhvdrous salt has a density of 
1 779.3 

Thallous dihydrogen phosphate, TIUTO^, is obtained by adding 
phosphoiic acid to a solulion of the foregoing salt and eiystallising the 
solution It crystallises in peaily plates or haig needles, which are monoelniic 
(a h e = 3 iTf) I 1 l/iS ; ft-OV 1 1') and iMmioiphoiis with di-ammonnim 
liydiogen phosphate, (NHjJll’O, The salt melts at 190*; its density is 
4 723 The a(]uoous solution has an aeid icaetion “• Aeeordmg to hamv and 
Dcscloi/eanx, lh(‘ie exists a double s.dl of the foiinula 'ri.IlPt)^ 2'rill,r()^ 
Thallous pyrophosphate, Tl,IMb, isinepan-d 1»\ Imatiier dilh.diinm 

h}diogeii phosphate to dull ri'dness It dissohes in watei (with tho 
scjiiaiation of .some insoluble white pcuMlei), and on ex.ipoiahng tlie soluhon, 
beautiful, lustiousmoiioclinicei\.sfals(n A C'1‘127 1 1 2921 . /^ 11 l‘ O') 

of th(‘ anhydrous p>rophosj)hate sepaiate On ••tandnlu^ the motluM* liqimi 
deposiih monoelniie crystals (or • r-2 1t)22 1 19217, ft 1 1 1“ 57 ) of the 
dihvdiato, Tl,l\()- 211 ,0 The density of the anludions salt is 6 7S6 '* 

\n acid pyrophosphate, Tl.H JMb, is olUamed by bealmg dibwbogen 
tballmiu ])bospbale to 210* It is leadilv soluble m watei, fiom wlueb it 
crystallises in small, short jnisnis, mells at 270 , and is e()n\eil<*d into the 
metapbospbato at a rc'd heat '• 

Thallous metaphosphate, T1P0„ is obtained as a while solnl, sjiariiigly 
soluble in watiT, by heating diliMlKunui tlialimm pliospbafe to ledness A 
moie .soluble mo<iiiication is sai<l tr) be formed by beating di animoiniim 
thallniiii [)li(Apbate 

Thallous thiophosphate, TljN^, pi.pand by luMtnig tballoim siil- 

])hiilc with jtliM'.pboi us penl'isulplii'le, is .i ^ell(»w, ei\st;illine .solid, insolilblo 
III water, alcohol, ether, ben/ene, and eaibt.n di-ulpbeh " 

Thallic orthophosphate, Tll’o, 211, n. js s.imI by Wdlm to be ol»tamed 
l)v adding plios])hoiie acid to conceiUiated tb.dln niliale s«ilulu)n, and then 
adding water It i.s descrihcd a.s a while, veiy sparimrly soluble substance, 
leadily hydrolysed by boding water 

Thallous orthoarsenite, Tlj\.s(), is a \ellow’, (nslallme solid, spar- 
ingly .soluble in water, obtametl by boilniu' a >olnlioii of ih.dlous sulphate 
with pota.ssiiim ar.s<‘nitc and a little potassium h\ dioxide 

‘ Crookes, Willm , Limy, Aw Hihh /’//v* , 1 fo j, 5 110 , Ihill. Soc rfiim., 
1S69, [ 11 .], II, 210, RaniiiicMiiTg, liei., 1^70, 3 , 27'), l'S‘'J 15 , 222 .S , /W/ Anmlcn, 
1S72, 146 , r.92 

■’ Kainindsberg, luc. cif , Liiiiiy, I'k nt , Limy ftml Dcm loi/« iiix, Ann f'hun Pfiya , 
[IV 1, 17 , .310 

^ Schroder, £tr , 1871, 7 , 070 

* Rammclsbcrc;, loc cit . Liiniy and Desrloi/eaut /or nt 
’ Lamv, hif I it , L.'i:ii> .ind lli'-rloizcauji, loc cit 
® Laiiiy /or nt , Hr.iiid, Ziitsch. annl. Cfi'/n , IS.'i', 28 , 5S>5 
" [jini} , Inr rit 

" lllatzi'l, anoi'i t h>'m , 1S‘13, 4 , 180 

^ Williii, Anv ('him Phn^ , ISOf), [iv 1. 5 . .0 , StrrikiT, AnnoUn, 186.'’. 135 , 207. 
Sta\c‘iiiiag(‘ii, J piakt. L'hem., 1 .S 9 .'), [n ], 51 , 1 . 
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Trithallous orthoarsenate, 1’l,As()p m obtiunefl as a wliite, crystalline 
precipitate by iwlrliiii' aitmuima to an aipicoim solution of tb.illiiiin dihydiogen 
arsenate ' 

Dithallous hydrogen arsenate, T1 JIAsO,, ih obtained by ncutiahsing 
a boiling holntion of aiM-mc at id with llialI«)iiH oailmiiatc and cooling tbo 
solution ' It foinis long, lianspaient needles, icadilv soluble in water. 
When stionglv healed it gives oil watei, and then decoinjioses, leaving a black 
re.sidne of thallie o\ide (Lain}) 

Thalloiis dihydrogen arsenate, TllI^VsO,, was pieparcd by Willm by 
boiling a solution of aisenioiis aenl with thallie oMde, eonceni lating, and 
cryslaliising. It forms gJitteiing, ctdoiiiless needles and is readily soluble iii 
watei.' 

Thallie orthoarsenate, 'I'l \s(), LMLO, has lieeu desenbed by Willm ' 

Thallous metantimonate, TlSbO, ilLO has been desenbed by Ileilstimi 
and lil.ise “ 

Thallous vanadates (see V<»1 VI. of tins sein‘s) 

TllAM lUM AVI) TIIK (/AIIIIO.V (iKOUP. 

Thallous carbonate, TLCO is obtained by ]),issing caibon dioxide 
into tli.dlous liydioMile solution, bv exposing gianiil.ited thallium to waini 
nir loi SOUK' tiiiK' and then heating it with ammonium eaibonate solution, 
orb} shaking and healing luiiiim e.iibonale with thallous Riilplialc stdntion. 
The eniiionate ei\slaIIiM's lioin watei in eoloiiih'ss, glittiuing, monodinic 
piisins (u // «'--l .‘I'lot) 1 1 OoiSf) , — iT) of sfieeilie giavity 7 1114, ■' 

melts at L’Td*,' and at high tempei.duies loses eaibon dioxuh' Tlie 
eai honato IS msolnhh* in aleolnd , 100 gi ims of water ilissoho tlio following 
amounts of the salt (Lamy, (.’io»»kes) — 

TempeMture, '(1 10 5" IH' 02“ 100 8“ 

(bams .d' T1,(M), 1 02 5 :K\ 12 1) 22 I 

Tlio solution has a caustic taste and an alkaline reaction. 

An acid carbonate is not known m the puie state, in siiite of vaiious 
attemjits to prepaie it '* A basic eaibonate lia.s been de.scnbed •' 

Thallous cyanide, 'ritJM, may be obtained by adding tliallous 
hydro\i(h» to ju ussie aeid, oi b} miMiig concentrated solutions of thallous 
nitiiite .iiid potassium e^anidi', when thallous cxaiiide la pieeipitaled ’ It is 
best invpaied from banum ev.inide and tliallous sul[)liate It ciystallises 
from watei, iii wbieh it is not veiy .soluble, in glitteiing jilates When 
heated it (hs'iepitates, melts, and deeompo.ses 

One hundred grams of watei dissolve 8 07 at 0", 15 17 at 14“, and 29 57 
grams at 91“, of thallous eyauide. 'Hie solution reacts alkaline and snudls of 
priissie acid The cyanide is soluldc in alcohol, but \eiy spannglx .soluble 


* Willm, lor rit 

* lioilstcui 1111(1 Illiiso, ('/inn. Xn\lr , 18S9, 803 

* Lhui) ami Dfsi’loizoiuix, .^7i7i. Vlnin Phys., 1860, [iv.], 17 , 310 , Pror, 

JUiy, Soc , 1 S 6 .'), 14 

^ f^iiniolluv, T^anl^ Chan Sor.^ 1878, 33 , '113. 

* (’.ii'.t.mien, J pialt tVirm , 1807, 102 , 65, 120, (Siorgm, Gazzfttn^ 1801, 24 , u 
474 ; AUx R Aiovt Liiuci, 1804, [v ), 3, n 104 

* Wyroutioir, Pitll Soc. tinvf. Mm , 188*', 12 , .'36, 

' Ciooki'S , Kuhiniann, C(mipt rend., 18G2, 55 , 607. 
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in n miAliirc of alcohol and uther. It dissolves in fujueons notussinn 
c\ani(lo, i()imiiii» sohihlo thalhum cyannh\ and foiins ninneioii 

(iounlc and (•<inij)Ic\ cvaindrs with other cviinidcs.’ 

ThallothalJic cyanide, TICX T1(CN)„ is prepared hy dissolxin^^ thalli, 
oxide Ml a^iuenus pni.sic acid, and ci \at.illises from the solution in colour 
]c^H, orthoihoinhic crxstals One hundied ^jrams of water dissolve 9 7;") ir»‘‘>9 
.■UKl l> 7 91 of the salt at 0\ 12". and 30" lespectively, givinj; a neiitnil solu 
Umi 111 which the salt is pioh.-ihls dissociated into the ions T1 and 'ri(('N) 
hioni the cold, jKiueoiis Mention, alkalies precipitate thallic h}droMde, hut nc 
piecipitate is piod.iced hy aininonia At 12.r to 130" the salt melts and 
deconi poses ‘ 

Thallous cyanate, T1('\0, piecipitated m small, glitteimg cnstals 
I'V mixing ahnholie soliiii,,i,s of thnlloiis acetate ami iiota'-siniii cvaiiate is 
xeiy soluble in w.itei ’ “ ’ 

Thallous thiocyanate, TICXS, h piecipitated as small, white, tctia- 
g(»iial cixsi.ils (a 1 0 r):)93) when aipieons solutions of thallous nitiato 
and potassium Ihiocx.iiialc aie mixed’ One hnmlied gi.ims of water 
diss,,h,. 0 ;nf,, 0 392, and 0 732 giams of the salt at 19 94", 25“, and 39 76" 

lesper tnelx *’ 

The donlile salt, Tl( A’S KON’S, ciystallises fioni a solution of thalloiiH 
and potassium thiocyaiiati-s " Tlio compound, Tl,Pt((\NS), 9XH„ m also 
known'’ “ ' 

Thallous oxalate, ll/j^\, picjiared fiom thallous caihoiiato and 
oxalic acid, ci\stallises lioni hoiling walei, in which it is not veiy solnhle, 
111 "mail, peailv, monocliiiie jiiism.s tn h c— 1 138t 1 2 21()5, /^^-99'’13') 
of densitv 3 31 One Iiti(> of a saturated a(jueon.s sf»lntiou of the salt 
contains 1“ 77 giams of the oxalate at 20", and IS 09 at 25'"’ Thallium 
hyt^Ogen oxalate, niK'.O, also crxslalhscH in moimi iniic ])iisms. 

Thallic oxalate, llj(^ /\)!, 1*^ precipitatcsl when alcoholn* solntiona of 
(hallic foMiiate and oxalic acid aie mi\(<] It is not xciv stable. ThalHc 
hydrogen oxalate, TllhO/)^), 3H.o, is leadily obtained as a white, 
sp.miiglx soluble, (ixstallnio jiowdei, by the action of n<|ncoiis oxalic acid at 
25^ on thallic hxdroxidn or an acetic acid Holution of thallic acetate The 
coriesjiondmg potassium and ammonium salts mav he ohfaim-d by precipitat- 
ing acid solntums of thallic salts with potassium and ammonium oxalate 
rcsiu'ctiNely Moio complex oxalates aic also known, and aKo thallothallic 
oxalate, T1 ((:,(),), 311 ,0 anuiuamc 


' rionin.illci, n.r, 6, 1178, lft7\ n. 01, FimImi .n„I ry<cj/i 

Xfit . 1‘I0‘2, 26, 19. Ciiniiingliiiin and V M IVdoii, (%m lUOO oe 

l.'OO. 1* 01 /»//«-, /«rri , and r^'/'rr// r/Af /!/(/» s, sfc Vol IX ’ ’ 

* (luldsrlirnidt. Inaugural (|J, rliii, lOOd) 

^ Fioniimller, loc cit 

* KiililiiiaTin, Ci/mpt rend, 55, fi07 

' Alillei, Pi or Roy Sor , ISijS, 14, £i55 , Phil May , 1866, [iv ], 31, ITeJ. 

® llottc'ci. '/•itvh phyvKal rhem , 1003, 46, 002, A A. Noyes ihui’ 1 
Niixpsaiul AMiiit, ibid., ISO.'i, 16, 132. 

’ CArst-inicn, J. ptalt ('hem , 1867. 102, 05, 129. 

“ I’ftiMb, ZeiLvh anoiq f'hem , 1912, 77, 137 , 

® Lani) luid I'cscdoizeaiix, Ann n^m J'hys , 1869, [iv J, 17, 310 , Abecir and Snencpr 
Zeitsrh avory Chttn , 190.5. 46, 400 '' ’ 

RftW and Slcinnirtz. Bo . 1902, 35, 4417, ZeiUch amna fhem IJIO.3 37 88' 
R. J Mexei and Onldsclnnidt, Brr., 190.3, 36, 13^ Ahrgg and Sjd.cn, Zuhrh. ama-q: 
them, 1905, 44, 379, 46, 406, Alifgg and Htlmitor, Jbid., 1905, 45, 293, Stiecker. 
Annahn, 186.5, 135, 207. * 


, 1890 , 6 , 249 ; 
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Thallium alkyl compounds.— Thallium compounds analo^jous to the 
aluminiuin tri-,ilkyls liave not yet been prepared, but iiurneioiis compounds 
of tho type Tli \lky])jX an* known. Tliey imist be looked upon us binaiy 
electiolytcs, whicli dissta late thus 

TI(Alkyl)A,-'Th Alkyl),* + X', 

a view in ae<’oid.inc(‘ witli the eonductivitios of their solutions, and with tlic 
fact that they arc <juito .st<iblc towaids boilinjj aipicons ammonia and alkali 
hydroxides 

Tho thallium alkyl chlorides aio readily prepared by the |,^enoraI 
reaction 

TK :i . + \lkyl i)\ - Tlf Alkj 1).C1 + 2MrC]^, 

the reagents bein^^ mixed in dry ethereal solution. The bromides, lodnles, 
carbonates, ole , mu} then be pi ejm red by double decomposition. The salts 
crystallise well, and aie onh spariiiLdy soluble in water 'Die hxlioMtleh an‘ 
ation^ bases, and readilv ahsoib eniboii dioxide The alkyl eompounds thus 
bear a |j;ieat lesi'iulilaiice to the tliallous com])oiiiid.s ' 

Thallous Alcoholates.- - AnbydroiiHtlMllous oxide dihsoheh in alisoliite 
alcohol, produeiri*' an aleoholic solution of thallous ethoxide, C^IL, (^Tl. 
A lu'Uer method of ]uepaiatioii eimsistH in susjiendinj; very thin thallnmi 
foil over absolute alcohol in an appaiatus thioii^rli which pure, diy oxMren is 
slowly pa.ss(‘d M\eri at oidiiiaiy teinp(‘ratutes the thallium lupHllv dis- 
appears 'Pile alcoholic solution thus obtained is heated to 100" to lemove 
excess of alcohol, and thallous ('thoxide is theiehy obtained as a}ellow,oily 
Inpiid The density of the Inpiul is II 522 at 20", and 2 r)()2 at 0", so that it 
is an ('xtieuK'lN heavy lirjuid. Tho refiaetive index for sodium li;.*! it, 1 0820 
at 20", IS also very hi<ih Thallous ethoxide is leadily hxlrohsed by w'ater 
to thallous hydroxide ami ethxl alcohol Tho eoriespondin^' amyl deiivatn’C 
IS an oily lupiid, hut the methyl compound is a solid the specilic giavity of 
which IS about five 

Thallous acetylacetonate, (OITj TI, prepaied by beating 

thallous h\dn)\ide with an aleoliolic solution ol aeetx la<*etone, crystallises in 
flat, eolouiless needles, and melts with (h'eomposition at l.^).T-l()0’ 

Other organic deiivalives containing thallium eaiinot be described hen', 
but th(’ apjH'iided rofeienees to (lu« Iileiatuic may be of use * 

Thallous Silicates. — Thallous oxide or carbonate leacts with silicic 
aci<l aft(«r tho manner of tlu' eon csjionding sodium and jiotasMuin eoin|)oiinds ^ 
A crystalline silicate of the eomjiositiou .TH^ 2SiO^ II A) has been described 
by WyioubolV.” 

‘ R .t Mcyi-r iudI Mcithcirn, Hrr , 1004, 37 , 2051 ; Shukotl, A’/r., 1905, 38 , 2 f >01 ; 

Jier , is70, 3 , 0 , H.-iitwig, AV/., 1871, 7 , ‘JOS, Annuten, l.S?."*, 176 ‘J"7 , rmius 
and Fioniiiullrr, Ih) , ls74, 7 , 30'J. 

• Liirny, ./n</ Hum Phif'i , 1804, (iv.l, 3 , 373 ; Kuhlluniii, llotli, and Sn>dli'i, ZeitHih. 
aMig Chem , 1002, 29 , 177. 

* Kurowski, lUr., 1910, 43 , lo7fi, Morgan and Mr.««s, Tuni^ Vhrm S<ic 1014, 105 , 1''9. 

* Kuhliiianii, Compt tend., 1862, 56, 607, Ann Chim Pfips , 18«>.i, |m ), 67, 4‘tl , 

Bull Soc. chim., 1864, [11], I, 330 ^ de lu Piovostaw, Cowpt irnd , 1^6J, 55, 610, 
Crookes, Chem A’ifU's, 1861, 9, 1. J. Chrm. Si^r , 1864, 17, ll‘J , Willm Ann (7nm. 
Phys., 1865, [iv.J, 5, 5 , Laniy and DMcloizcanx, ilnd , 1 {n 69 , fiv ]. 17, >10, kescieui, 
Bull Sor chim , 187S, 24, 616 , K. J. Zeitsch anorij (linn , lano, 24, 321 , Rabe 

and Stoinmrtr, ihid , 190.3, 37, 88 , Hawdey, J. Amn ('hnn Soc , 1907, 29, 3o0 

‘ Flernniing Jolnc^ber., Jh 68 , p 2 f >0 

• Wyioiibol!, Hull. Soc.fnin^. Mm., 1889, 12, 536. 
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Tliallmin ontors into tlic romj)oM(nm of Aanons kinds of o])ti('al glas^of 
liiiili rofi.u’lnc Higli loli.-utno imwii is a i^oncial cli.ii.ictonst ic of 

tliiilliuin ^alts (ji|) 1S‘). 11)0, 10-, L’OO) 

Thallous silicofiLloride, T1 Sil\, is pu'iiarod fiom tlialloo-' onlionato 
and li\(liolluosilici<’ .Uhl (M\stalliscs fiom m|iH'oiis soIntuMi in jadinirlm 
oclalu'dra Arcordiu^^ 'to Kiililio.'iin, tlio salt is \Mlalilo uitlioiit doconijiosi 
tion, and ciystalli^'t’s fiom aqueous solution in li\di.itfd foiin * 


Thmiium am> liniUA 

Thallous Borates — Tlialious ovule di'*s«)l\es in fused Iwuon seMjui ovidi‘, 
and llie IkjuuI mass solidilits eitlaa to a iKai jilass oi a enstallme solid- 
Vaiious ])oiatis of lli.illium lia\(‘ l»een fliseiilad Lv IJuelilala * 

Thallous tetraborate, Tldt,(). -JIlj), is obtained b\ dissoivm^r th illous 
eaibouaiell iiml ) and bone arid M I iiutK i m \\at'‘i and eivslallisnio |( 
is also olitamed, loHetliei \Mib thallous hcxaborate, T1 .'III ,o, by 
fu''ini; the i<iiboiia(t (1 mol ) with boia ai lU (b moN land ei \ sjaHi'.iua th<‘ 
jiiodm ( fiom watei If moie boiu a< id (•'^ iin»ls ) is u'«ed, a nnviun' of 'ho 
lievaboi lie and thalloUS decaborate, 'i’Ul,,/),, s|| O, i.s |nodue<d 

Thallous octaborate, T1 l.j), ,411 o. and thallous dodecaborate, 

pn'jiaied bv di''S«)l\iim th.illous (.iibonale (1 mol) in 
eveess of aqueous botu aeid (lb niol « ) '1 lie d(»<le< aboiate also forniH a 

pent dndi.ile, v\lm h IS mouocliiue (o f> • I "S.'l 1 1 irih fj prjO')’* 

Thallous metaborate, J'lllio 11 t), < nst.ilhses fiom water m (olom- 
less, wi'dijte sh.iiK'd (iN.slals which tuin nd and black on cvpccsuie tci an 

TIO lUXK 

Thallous perborate,^ Tl.H.tb, / » | ' o, is obtameci as a wdntc 

Tlt> IDO 

powdei by adding .‘Wi pci j>cnt hydioeiMi peiovide to an .epu'ous solution of 
anv of i lie* pi (■( ulnur lioMle.s It ‘•hoW'' the uvmil leai t ions of .i pei salt and 
cxplocles when laiadlv heatecl 'I'lie .icpn oils Miliition dec oinpo'-c s on c‘\apoia- 
tion, th.illous nietaboiate be ini' jiiodiiec cl 


Dhflc IION A.M) KsiimMION oi 'rHALin'M 

Thc‘ eoiiipoimds ot th.illium nnpait a ^'reen eoloui to liie lhiTi''en flame, 
and ' pec liosc opie evamiiialioii of the llaine leveals tlie ;^ieen line A 0.‘{r>0'7. 
Thallium eiMupounds <iii' poisonous 

The following aie tlie chief leactions of f/tdlloiis sallH — (i ) Hydio^en 
siilplnde incomiiletely piecijalates thalliinn as the blown sulphide, insoluble 
in aea'tie- acid In the* pic-smee of mineral aeid no jiieeipitate is obtained 
(n ) Amnioniiim sulphide leads to complete jncnpitution of the th.illnini as 
sulphide, (ill ) llvdroehloi n aeicl oi a soluble chlonde precipitates the 
th.illium almost completelv -n.s whil" thallous chloride (iv ) A soluble' iodide 
precipitates th.illium completely as velh^w thalloiiH iodide (v ) Pota.ssiuni 

^ Kulilinann. liuH ,Si/< cfmn , 18(;b [ii,], i, S.'JO, Cuviff rrnd , 1801, 58 , 10.37, 
Wei tliiT, J p/alf ('f-rin , 92 , 1 ‘JS 

“ tJiiertlci, Aril'll fi nnoi/f C/irm , l'e' 1 , 40 , 
line f /nak/. ('him , l“li[ii 1, 88 , 771 
* Scli.iri 7 ei, Zexheh. Kryst Min , lull 54 , 2.32. 
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cliromato in iinilr.il or aiMirtoni.ical ^oliiti/)ii procipitatos thalliiiin rpianti- 
tiitivriy as lli<' yellow r-liioin.ite (\i) ( Miloroplatiiiic a< nl piecipitatos 
thallium (|iiaiilil:iti\fl\ as \tllo\v llialloiis rhloroplaliiiiitc (vii ) Sodinrn 
cohaltmiliitc [)ti‘(‘ipit lies thilliinn (|iian(,ir.iti\('ly as si'ailet tli.illous cohalti- 
nitnte ‘ (mu) l'ot^l^-mm irulale and aniimoiiy tiicldoiidc lead to the 
pieeipitation ol oiaii^O' led tlialloii.s antiinonioiis iodide, .‘ITllyJMil , - 

TlinUn' -alts Lfive a hiown pnaipitate of T1(()II)^ with .iJkali (including 
ainiiioniiim) hvhoxides, iiisoliildc in e\et*ss of reagent With a soluble 
lodidi' lliey giM* thalloiis lodidi' and iodine Alkali chloiidc oi chromate 
piodiices no piecipitatc 

The de(e(tion of tliallinm in ipi.ilitativo analysis has been studied by 
A A N'«)\es, Ilrai, and Sp<‘ai, to whose woik the leadei is ndeiicd for 
details 

The LoaMmeliie ('shniatioii of th.illiuni is soirii'what dillieult, since its 
“ insoluble ’’ s.dts UMiabs ha\i' a peic<‘j»tiblo solubilih, me dillicidl to wa-li, 
and are distinctly \okilil(' at high teinpeialnies The usual iiiethod is to 
precipitate as lli.illous iodide at SO' to Un’, wash with SO [lei cent aboliol, 
diy at 170, and weigh* Th.dliuni may aKo bo estinated as ll.allous 
elilorojilatinate, 1 jiait of winch dissohe.s in Ih.noO of watei at I^>^and in 
lOiOOat loo*"' It may bi' precijufaled and weiLdusl as tballoiis chiomate , 
or by evaporation with suljiliinic acid it may be coineitisl into either 
thallous liNdiogen sul[)liate at ‘J*J 0 ’ to 2110 '’ or thalloiis Md])bale at a dull 
Ksl heat’ 'rhalliiiiii ma\ also bi* piecipilated as th.illous t hiostann.ite, 
TljSnSp diierl at lOr)", and weiebed ’’ 'riiallous salts may be oxidiserl to 
thallic salts with bionuiiiic acid, .ind estimated bv weighing tlu' lUeiMiHlaled 
gold 

Till* electi<tl\ tic deteMiim.itmn of thallium is not a vei v acciiiato or 
coinenient piocrss, and is best <‘tlecled b\ depositing the thallium into a 
moreairy ciilhodi', or, lu tim, a dilute zinc or cadmium am.ilL:am 

Se\('ral ^olllmelll(* methorls foi tlie estimation of llialbum have been 
profiosed "I’lialloiis salts in the pieseiice of liydiiK hloiic acid ma^v bo 
oxidised to lliallic salts by standaid peimanganate , " oi they iiku be healed 
with potassium biomide, dilute h\dior‘bloi le acid, and an exec'-s of sl.iiulaid 

• (’innniii'li.vin aiid I'oikiii, Turns Chuu Soc , 190 '!, 95 , 15G'* , TaiiaLur and I’( tiolf, 
,/ liusH /V((/s (''linn Sill , 1910 , 42,04 

■ Ej)lii!inii /fifsi'li ivwui ('hnn , 190S. 58 , .“iritl 

’ A A Ndvos, Ibiiy, anil Sjm'hi, ./ vtw*/ (7ifm S'nr , 1908 30 , 181, flu in Xein, 
1908, 98 , tl, clo , si'«« ftKso Soiby, ("'hi'/n An/i, ISo'i, 19 , y09 , Kuss, Cl/nn /nih , 1SS2, 

S I f»4 , Hrlm'iis, Zcit\ch anal. Vhnn , 1891, 30 , 138, ('liapii .in, Thil. .Vny , 187G, [\ 1, 2 , 
197. Plnp-^oii f'lnniif leinl., 1871, 78 , f>G3 

* ikiilngnv, ('iiiiijif icm! , IslM, 113 , f*14 , Weithci, ZfU'.t.h anal Chem , ISGl, 3 , 1 ; 
Loiu'. iliiif , IS'il, 30 , 342 , lbdil)Oiling, yfnnalrn, ISG'i, I 34 , 11 

Cioolvi's, ('In'iii XtU’S, 18(il, 9 , 1, Neiiinaiin, Annalen, 18.''8, 244 , 319, (’nslmiiin, 
Jmfr (Vinn J , 1900, 24 , 222 

* Ibnwimig and lliitcliiiis. Amcr. J. Sci ^ 1S99, [iv.], 8 , 4i>0 , (*hnn Xen't, ls99, 
80 , 280 

^ lliiiwning, Jimr J Hn , 1900, |i\ ], 9 , 137 , Zn/^ch anouf Chnn , 1900, 23 , Ls."! 

" Ibiwlcy J Avift (''him .S’ur , 1907, 29 , 1011 

• TIiDiinii, Cimpt. ii’iiii . 1900, 130 , 1316, Bull Soc. chtm., 1^02, [m ], 27 , 470; 
Ann I'hivi Thys , 1907, I'ln,], 11 , 204. 

Moidoii, ./ Amn. Chnn Soc , 1909, 31 , 1045 ; cf Neumann, Bn., 1888, 21 , 3.56; 
Schueht, Zfitsch. anal Chem,, 1883, 22 , 241 . Ileihoig, Zeitsch anoig. Chem , 1903, 
35, 347. 

“ Willni, Ann (Vnm Thyt , ISG.'i, fiv I, 5 , .5, Ilawlej J Atnc? Chem Sor , 1907, 
29 , son , A, A. Nu}rs, Zeitsch phi.>,ikal Chem , 18^2, 9 , 603. 
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“ »Si (* jilsM Wfinci, ('h> m Aft/’', 33^ ,qi 



CHAPTER I\. 

SCANDIUM. 

Syiiilinl, Sc Atomic weight, 1 1 0 (0= IG). 

Occurrence - S(.iii(lniiii, (U'^pito its is oxlicmcly wult'ly (lilhisi'd 

in luiluic In iilniost all locKs liom \vlii(.li ihc muimUins of tlii‘ oartli, or 
rather the chicl [i.irts of the c.uIIi'm ciust aio loinusl, sc.nulium ran ho 
(Ictoctocl, an tin* compn'lK’usno sprclto'^cojnc irso.iK’lics of Ml»cili.n(l ' liavo 
shown. 

Tlio moio coininorily occuniiii' mmcM.ils winch contain sc.indinin are 
furen(t(>~ and hcilhnnUe (p 2J1) tioinccitain localities, mtrn fioin Yttcih\, 
and ('(isAift nfr and trnJhmmte Itom tho ni(nint.iin laii^cs o| Saxony and 
Jiolienna, cspccMlly fioin Zinnwald in Saxony’ They aic all diMixcd horn 
granites or eel tain peeinatitcs ‘ 

lb will ho notic(‘d that scandiuin o(‘cnis in ceitain lare (‘aith inininal.s. 
However, it is hy no iikmiis an nixaiiahle (‘ompanimi of th(‘ i.iie (Mith 
cdeiiients In the eomso of some tiai \cai.s ol woik on the lan* earths, 
nrliain never met with seandinm in any of his liai tioiis,'* ami Hicks failed 
to detect scandium in specimens of nutiufr, and 

sdjnaiHLff examined l»x him** Seandinm oeeiirs in f/difu/nufe, hnt only in 
tho deposits found at Yttinhy W hen seandinm oeeiiis in assoeiation witli 
tho I. lie (‘arth elenii'iits, the xltiinm «^roup n.snallx piedommates, and lienee 
tho oeeiiiienee of se.indium in Kinnish otthth, a eeiiiim mmeial, i.s ut 
interest ' 

The oeennenei' of seandinm and tho laie eailh eleiAents in tin* i.ire 
minoral irukiti’ was diseoxeied hy Ciookes,** who isolated eonsideiahli' 
quantities of seandia I'lom this soiiiee Wnhttt- is a black, amorphous 
mineral found with niona/.ite in a felsjiai quaiiy at Impilaks, Lake l^adoga, 
Finland Density, 4 Sf) , haidness, (J The mineial is feebly ladioaetixo, 

’ Kbdilaml, A' jr,s. Jhihn, 1908, No .JS, p. S.'.l , 11*10, No 'JJ, 

p 401 ; Chrm NfV'i, IMOP, 99 , 80 , 1910, I 02 , *211. 

- Soo p 220 , llausci and Wntli, B*t., I9a9, 42 , 4-l4'i. 

‘‘ So.'imlnim lia.s bcca ftjiiiid in Ainciicait wollianutc , Lukens, J. Amn i'hm .SV., 
191 .'5, 35 , 1470. 

* Kbialinid, he eit , Vciiuidski, Ifnll. Acad, Set. 1908, p. 1*273 

® Uibtun, J ('him phyn , 1900, 4 , 64 , rf. t’lookos, ('hnti ^eus, lUOa 91 , 01 , Ebcr- 
haul, Xtihih. anoitf ('hem , 19113, 45 , 374. 

Hicks,'/ .| 7 «// fVo 7 /i A'tK , 1911, 33 , 1192 

’ ll J. Moyer, Sitziniiishfi . K, Akad If'tis JtrAia, 1911, p 379. 

“ Ciookco, rhif Tiaim , 19<’8, A, 209 , 13, I’lor Boy Bi>c , 1908, A, SO, 516; Vltem, 
News, 1908, 98 , 274. 
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and when heatei] to n*t.lncss jjfues oil water, hvdroj^cMi sidphide. Iiolimn, a 
trace of neon, ct(‘ The wiikite ev.imnied by (.Tookes had apnioMmately the 
following coM)p(»sition — 


Ta^Oj^ and Ch.O, 
TiO., and ZrO . 


TliO, 


l‘< 1 c.'llt 

1 

1*1 r I'.-iit 

id ill 

j I‘e() . . 

Id r>‘j 

2d dt; 

1 

d dt) 

2 .■).■■) 

! .si( 1 . 

. KIDS 

7 til 

' II d 1 an.| u.isc.s 

d Ml 

1 17 
r. r^ 1 

Undctei mined 

. 1 '17 


The paitinilai dcj...M( ui U,,^ innit i d used h\ i'\nnkr> is hmnn vKluii^ted, 
and the olhci deposits do not appiai to cont.iiir n.oir th.in the lo. lest li.uei 
ol ^e.indiMiii 1 

I In' onlv known iiiiiK'ial in whnh seandiinn luema as an ess(*ii(ial 
constiLiieiit i.s tile lari’ nmiei.d t/io, fv> ,/ifr, This is a ^ii.vish- 

;,Mcen, tianslui’ent silu ate of s( ainlnnn ami \ 1 1 1 nnn w Im h h is I in n lound in 
pemiialile at heland, Nmtli Noiwa\ lla'idmss, i) , deii'il>, .'j ’>7 The 

nnneial is Ol ihoi Iioiiihic (rj h e-tlfloti I 1 l‘i|j) - 

Se.indiiiin has li.'ui sliown .speetioseopi. all\ toonui in lel di\e ahnndanee 
in the Min and htaiH 

History in NTlson was jnijiaiiOLr \lteiliia fioin enxenilo and 

ga<l<ilinite 1)\ the pioeuIuK* that had l)i i n l’ 1 \ en h\ Maiign.ic, tlie diseoveicr of 
tliiMMith (p L'J >; Jn so doin^', he made tlie disioM'iN ol a m w <‘ai I h, pi (‘.sent 
111 MMN sin.dl .|iiantily, ami ehann teiis( d 1»\ its |,.,.|,h* Imm, ||\ (hs^ than 
that ol yltei lna), its m'jn low eheinieal eijniN. deni, and ils spaik .sjieetiinn. 
Only 0 .1 giaiii ol the eai ih was oht. lined, and (h.il in an inipme >.t.d(* To 
the new elenu’iil pie.sent in tin* (viith, Nd'on lmm the n.inie SCaildlUlll \ 
few W(eksaft(>i the aiiiioinieenient ol (he dis, o\ei v, CjeM* lepoil.d that ho 
had isolated 0 <S giain ol Mandia fi.mi I kilos of , ami 1 L' L^iainH 

of seandi i flotn d kilos o| Inf/iiUiiti (‘I(‘\e also deseiilK'd a lew ( oin jioiiiidB 
of heandmni A little lati i, \ il-on olilamed a lew L'ianis«»l s( andia, dosu died 
se^(M.d se.indiinn salt.s, and (h Icimimd thealoniK wn-l.t o' the .‘himiit*^ 

Seamliiim eonesponds ^el > elosch with ekaboron, one ol (he elemeiita 
piedi(t(’d hy Mcndi’h'ell wlieii he put foiwaid the pmiodie . lassihcation of the 
elements, and its disemt-iy, ooming oj,l\ fom n.ns altei the dis((,\(.i^^ of 
ek.i-aliimirnmn or uMlimm,^ was a m dtei of gieat int.'iesl and assist.d iai'gely 
in the iceo;.mition ol thcmeiits of the peiio.jie < lassila ahon h\ eh. mi.slH in 
gemnal 'I’Ik' nlnilitN ol ekahoion aixi s( .mdmm was ]x»mted out hv ('le\e,*' 
the following table will soim* to sliow liow ( los.-ly (lie pDjjeitie.s of scandium 
were piedicti’d ])y Mcnilel. ell - 


’ R .1 Xh‘\ci and Wnit.-r, iQin, 67, 3'* s (.Vmtji A/m-, pijo 

102, 103 • ‘ » 

- Siliciplig, Mui-ial /inti , I'lll, i* 7J1 

■ Nilsnij, L’ninpt jom/., ]s 7 'J, 88 fiir. . I'-sn, 91, .'JO, its, liei 1 S 7 :», 12 fi'.O r ».'54 • 
1 ^8", 13 1110, 11311 , af K Snn^kn V.t .thatl Foihnntif , ]s7*t, .No .'{.'1880' 

No 0, (’ll Jin/l .w ifuin., 187‘‘, [11 1, 31, 4^0, (W/// inn/., is;., to, i\\) 
i\ri's 18711 40, 15-1 , O/Hit afK. Sunska -Akud Foihindi . lS 7 '. No 7 
■' Sc- 1) 1 1 3 ’ 

(d.oc, rnid , 1879, 89, 419, Uull. ,So,. ilinn . is;*!, f„ j, 3, 186, f liua. 

A«m>, 1879, 40 159. 

8 Mcmlel.al), ./ Chrm Sor , 1869 i, 60 , I*-?!, 3, 47 , Aminf.n tiunpl , 1872. 8. 
133 , tiaiis. in t’Atw* A'tvs, 1879, 40, 213, Ptc , l.^sO, 41, 2, etc 
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Atnlllli Wil^Ill, 11 

SliuuM ^'ivi‘ 0)111 KlijO,, diM)sity, 

3 r> , iiiiirc Imsk llifDi Al^ 0 |, li“-s hisii that) 
, i)j-<ii>]iilil(' III iilkiilics 
CillllOIl.ltl’ hllOllM In- lllViluhlf III W.lt'-l, 

ami |iiul)iilil\ 1)1* })rcfi|nUt(‘rl us ii li.isic salt 
Till* doublf siiliiluUs Willi ulkili sul- 
|)hati‘s will }iiii]><il)fy not Im' .iluiiis 

Anlnilioiis cliloiidi , lOlil-’lj, should lx* 
inoro dillii'ullly voUtiK* tliuii AICI, In 
aqueous soliitiuii it should h^diol^so eiisuM 
than iiiiif'iKMuiii <'hloiid(' 

Fikiihoioii will proli.ihly not ho dist ovoifd 
8 lMJCtlOS(’o[illMlly 


Scaiidiiiiii 


Atomic weight, 41, 

Scaiidiuni ovido, Sc_,0j, density, 3 86, is 
nioie hasie thun Al.^Oj iind piuhahly lcs.s 
than MgO , iiisoliihle in alkalies. 

Se indium cailumate, insoluble in wutn, 
leudily loMS carbon dioxide 

Doiiblo sulphates are known, but they 
.lie not alums. 

S( .indium ehloiide, S'-Ul,, begins to 
suhliniu appieeiahly at 850*. In aqueous 
solution It is di-iuledly li}diolysed 

Scandium was not delected by means of 
its sped nun 


Extraction of Scandia from Minerals. —Tlie motlnxl cmployi'd by 
Crookr.s 111 I'vti.ictmf' hciiikIi.i from wiikito coimistiMl iii liiht isol.itmg tlic 
bcandi.i iind i.iio (‘.irllis, and then hepaialing the sc.uidia lioiii liiiMnixluio hy 
the fraclion.il decomposition ot tlio inli.ilcs* To olitam the mixlnio of 
scandia and laio c.ittliH, tin' inmcial (1 pi ) w.is finely powdoted ami fiisi'd in 
a clay cnuililo willi potassium hydio;;cii sulphate (A pts ) The melt was 
cool(‘d, powdeied, and mixed with li\c times lU weight ot w.itei, stnrod for 
twehe houis, and tluMi lilteied thiongh a linen lilloi The fill i ate w.is lioilcd 
with an excess ol ammonia w lion all tho e.utlis weie precipitated together 
with /neoni.i, litaine acid, feme hydroxide, e(e The well-w.isheil pieci[)itate 
was lieated with a slight (’xeess of ox.ilie acid, and when cold the oxalates 
W'oro lillcied and washed Tlie oxalatc.s wck* next coiiieited into .mhydtons 
siilphatcxs, dissolved in cold water, filtered, and the ammonia and ox.ilic 
acid processes repeated The oxalates weie tlieii well waslieil and calcined to 
oxides 

Tlie extraction of scandia from woffHtnute has been very thoionghly studied 
by 11. .1 .Meyer and otheis <hily the w'olfiamito from Zinnw.dJ (Z ) and 
Sadisof (S ) IS said to be worth woiking up for scandium, analy.se.s ol the 
carofully picked mineral yield the following rc.sults — 



IVO. 

MnO. 

PbO I SnOg 

TiO, • Ta/V 

CaO 

(Z.)7r)'<ti 

9;u 

1100 

0 18 

0 no 

0 n,') 

(IS.) 73-47 

If) 13 

9 81 

0 17 

0G3 

0 31 


Rather more than half of tho “rare eartlis” present consists of .scandi.i 

Tlie finedy powdeied wolframite is fused wilh about *J .‘1 times its weiglit 
of sodium carbonate, a little potassium nitrate being also added The melt 
is boiled with watei and a little alcohol, and tbe blown mixture of oxides left 
(wbieb contains all tbe scandiiiiii) is w'asbed, dissolved in hydroclilonc acid, 
and tlie silica present remoied m.tbe usual manner 

TbeoaifA' resulut’s from tungsten factoiies, if good Zinnwald wulfianiito 
has been worked up, arc moie coiixeuieiit to use ns raw material than 


^ For an account of which, see p. 353. 
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wolfr.imite itself, anil contain 0 30 per cent of rare oaitlis. One kilo^M'am 
of the oikIc rc'iiiluc') is (ll^solve^l in 3 litios of iiiw li^tliociilorie acid, the 
powder Ikmii^^ intiodnccd into the boiling acid Aftci diawing oil the 
deposit of silica and boiling it with dihito hydiochloric acid, the filliates 
are united 

To separate tlie scaiidiniii, the pin-t'dmg solnlion is ))Oiled, and 10 gi.mis 
of sodium hilicoHiioridc are added slowh \ml1i stirnng The boiling is con- 
tinued for half an liour, when the seandiuin scpaiales lompleleh as a wliito, 
pasty precipitate of scandium tlmuidc (pioduccd b\ dc( omposition of the 
silicofluoride) The pietipitafe is lilteicil on a Nnrsclien lillei and boded 
with ver) dilute hull ocliloiic ac id The fbioiide is cou\eited into sulpliate 
in a platinum di'-li, tlic sc.iiidium piei ipil.ited as hulioxirie willi ammonia, 
and coincited into oxalate b\ boiling with oxalic acid 'I’lie «»xalale uhen 
washed and ii^nited leives a \shite le.sidue of neail\ piiie seandiiim oxide, 
^^hlc■h should weigh 3 0 to 3 3 gi.ims ' 

The small amount of xttiium (suths piesent in the scaiidia is easily 
renioNcd The scaiidia is dissolu'd in h\<lio( Idoi le a« id, e\i f-s of tin' aeiii 
removed, and the scandium ])iecipilated .it IdO as (In* flnnsitlji/iafr - 

The washi'd precipitate is decomjioscd b\ lndio( Idoiic .u'nl, .ind the pieei[)il.i 
tion as lliiosul[)liate repeati'd The waslnsl pmipitale, in»\\ <|uile Ih'i* iiom 
yttimiu eartlis, is decomposed 1)\ hydioehloi le ai id, am) the s«Mn<lium in tin' 
filtered Inpiid precipitated as oxalate The only im[uiiM\ now lemaming is 
thoniiiiiA 

It IS not difliciilt to n'duce the annmnt of tlmiia in s<aiidia bi (t 5 pei cent 
This may be elleeti'd in se\eial ways, ont' of the most sal I'-faeloi \ Ix ing lo 
pour tin' iieiitMl solution of tin' eldoiides of staiidium and liioiinm into a 
large excess oi ‘JO pei cent, sodium eaibonate sfdiition, and boil tbe solution, 
wli(‘n srtfntlnDH '^oi/nuu rtnlmunf*' is preei[iitated, tin- bulk of the llioiium 
remaining in solution Tlie final 0 3 jier cent if tlioiia, howeu'i, is diflienlt 
to eliminate It cannot, foi iiistain’c, be pre«‘ipilatcd as Ihe peioxide, * and, 
moieou'i, It cannot b(‘ detected in tliesiandia by its aic sjx , imiu \ number 
of methods |oi its elimination aie known, the hist beinc to diop slowly a 
neutral solution of the scandinm s.ilt (lontaminatid with thonum; into a 
cnncentiated (10 to JU [lei eent ) nential solution of ammonium taiti.ite. and 
boil the deal solution so obt, lined with .irnmoni.i St<iwhum itmmountin 
IS thus jiiecijiit.ited fu'c liom tlioiimii, and is washed with dilute 
ammonium t.iitiate sulution The secuiid method I'an onix be afh.intageonsly 
employed on a Miiali S( .d(' It consists m pu'eipit.itnig the IImiiiuiii fiom a 
nitiate solution eonlainmg imieli fie<‘ niliie acid b\ tlie addition of an excess 
of potassiiiiii lod.ite sulheiently great to eo pici-ipitate <i portion of the 
seandium The Inpiid is then <piite fiee fioni tlioMiim The third inetliod 
consists in pouring a neutral diloi ide solution ol the scandinm ehloiide into 
an excess of a(]iicons ammonium tluoiHle contained in a platinum dish and 
vigorously stirred One giam of scandia ie<pines grams of ammonium 
fluoiide The Inpiid is cv.iporated at 100“, and the llioiiiiin separates out as 
the insoluble fluoride , any scandnim aminomum fluoride that erystallises 


^ R J Me}(r, Zfit'nh nnorn , 19<'8, 6o 134, ('hem. Xeut, 1909,99 S,**, 97 ; 

D.Ji J * , 202, .V2 1 aii«l 2ii8, 35'». The mm llnxl »il ('Xlr.Ktiiig kniiidia fmiii Hum- oxide lehiduos 
18 alsn distjussod in detail by Sterba Hulun {/<Usrh Kirk true hem., 1914, 20, 289) 

* Seep 211. 

• See Vol. V., and this vol., p. 320. 



208 


ALUMINIUM AND ITS CONGENERS. • 


out may bo roflissolvcd by wrinninj^ with more water, and tho luiuid then 
tiltcicd. A t'oiMlli method, winch is not, liowevei, \r‘iy coiiMmient, is to 
the aiilndioiis <-hlondes of IhoiiiMii and .scandium by fiaotional 
sublimation, the loimei bein;; tin* iiaire volatile ’ 

Atomic Weight.- -The an.ilo^^y, thoii«>:h irnpcifeet, betaoen .scandium 
compomid.s and tlie compounds ot tin* laro earth elements, points to the 
teivalem-yof heandmm, and hence, .since the combining' aeij^dil of s< andiimi 
i.s 1 1 7, to the valiK' I I 1 for the atomn wei^dit The .sp«'(ilie heats of tho 
o\id(‘ and siil[)haLe m.iv be cited in fa\oiir of this view, as the following 
compaii.son of molecular heats will .show — - 
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that ol o\}geii ho lakni .is d U (wliieh is eeil.imlv not too uie.ii) Tho 
molecular weight of seaiidium acel \ laeetonale (p Jl Ij aiuues slioiurly foi the 
t(*r\iileucy of scandium, .is .iKo <locs the isomoiphi>m of ‘‘»Mu<lium (llnl- 
Hulphate and acet n l.ieelouati* w il h the* eoi lespoiMliii” indium ".•ills* Ot the 
niulti|)l('s of the i-oinhium^ wuithl (117, ' 2 \) 1, II 1, S, etc ) whkh mmht 
bo taken lor tin* .ilomic weielil, only the \,ilue It 1 nives si .indium .i 
position 111 (be peiiodie l.ible, aiifl it tlieii oeeuple^ tin* phue of Meiididt ell’s 
“ekalioKiii ” 

Th(‘ ^alue Sc 44'I is dm‘ to Nilsnn, tie* x.ilm* !"» I obl.uued bvt'leie 
is imdoulil'slly too bieli l’i<‘limm;ii \ rxpeiimeuls b\ It ,1 \le\t'i ,iiid 
OoldenlK-ii- ga\o the \alues 11-11, II II, 1 1 JO, and I.d ‘M) hn the alomie 
weight of .scandium ‘ An aeeuiale deteiii iiiation of (he .mIoihh weigiit is, 
howevi'i, lacking at pieseut The dtUi i mmatioii.s liitiuilo made h,i\o heeii 
etleeteil b} the “ syiithelie ’’ hulpliale mellujd deniibed latei (p L’tO) 


CO.MroUNIkS OF St^MUTM 

Si, indium s.ilts deiiMil fiom eoloiiiless ai ids aie lliemsel\e> eolonih'.s 
and deii’id of absoiption spcelia 'I’l.ex aie diamamn I le, and ha\ e a .sweet, 
astiingeiit taste In aqueous solulioii they are jieu » p(ibl\ li\drol\sed. 
This will be seen fiom the follow iim \.ilues I'oi llie cipiix dent eonductiuties 
of HCiuulium eliloiide and olbei ehloiides, the .ibnoim.il imue.ise’’ in the 
conductivity of m. indium eldoiide willi dilution nom e = .'ij to 


* R .1. Ahwi'i iiinl WiiiliM, y.t ltd'll n/i'iH/ Cfi'in , I'.MO, 67, , (fitm A’ 1 / I'llO, 

102, IG.'i, 17.'i . R J .Mcyin .mil OoMi iilx iln'f , l‘U2, 106, l.'l , R .1, Ali-yoi anil 
WttsN|iK!lninw' /I'thth amng t'Ai 86. LifiT , .SliTba-buliiii, /«r ttt 

- Nilsiin tiinl IVlti'issnii, ('ovipf tend , 18.S0, 91, , lU'r., ISsO, 13, l ift') 

•’ .InogiM, Pjoc. K. Aknd 16, 1095 , A’m fiav ifitin . 1911 , 

33.342. 

■* CliwG, f'ompt lend , li)79, 89 , 419, Nilsoii, dnd , 1S80, 91 , 5i>, US, Mi'iui and 
Onlili iibcrg, lor i it 

‘ As complied with the chloinloh of tho laie oaith oleiiiciits. 
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litres bcm^rciiio jo tljo hi-li lumr niobilitv of the hvilroj^en ions of the acid 
set fit-e l.v li\di<>]\Ms — > ‘ 
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Tl.e oxid.* s. ni.liH, N..(), f,o,n ui.iHi the MMn.li.iii, aie rlnned 

1. <i(ri.lo.nx sUool:. I ili.in It i.s. li.mexei, wrakn llun anv of the 

l.ile e.iiths n| till' t\pc II O 

Naiidiiii,i IS oil, II 111. Iii<l(v| aiMonir tlu* laie e.nth .•Innenls In domir 
M>, hnUMoi a il.llnuh to d, . i.jo ^luthoT s, „.du is (o l.o m .r,„ jod 

im e.iifli ot tl... ..r nl iho Miinnn i:ioii|. So f.u as l.i.iulvor 

Clide ainKolulMlin. sol s,|t.a,.. .o„.,n.ed, Maiidiun, lesenddes ihe Mtiliini 
Kjcui. on 1 he oil.u hand, the M.luhililx of it. double i.olassnm, sulpliale 
NMtllllle .(IIUIM -lo.ip II dilhas fp.in both LMolips in Hot tonilinir 
.isiilphil, ts(i , M|.(),-anr| a niiiale, s, ^ \0 ) n|| u Km lliei, m andimii 
a ina ke.l 1. n.l. n< n lo fonu uhal aie piobalilx .-omplex as dislinuMiished 
d.MiljIe ^al^, and in this and in othei lespirts it show s a jeinai kablo 
iesei.il, I, nee to thoinmi ' In m.-w oI the faet that the eeiimn and \ttmim 
P'Mips^^or late <.i,ili ol.Mia.iiK a,e d. .| ii.LMii.he.l bx the., iilatiiioevai.ideH 
peep < i( i^oi iMl 1 , a to note lint o/r /,,/////// S,.j p^(’'yrj i 

foinis In.li ,1,.. b,,ih witii l.‘'ll (land with ‘Jill. () ' ‘ 

"I""" |,^ \,|s,.n aixl Ovc, many 

ntlici', li.na |„,.n |>ii]miii1 ami drsmlii.l 1,^ ('i..nl,c,s, ami la |{ / 

ale\ei and Ills co-woikeih ’ 


sMiM’M \M» riiK FrifiiaM (ium e 

Scandium fluoride, s.d-' , l^ obtinMd i. a whit# powch-r, diilMMilt to 
mUM. ox h-ain- seandiawith a-pieous hxdioll.i.n le a. id, oi bv pieeipilaling 

‘ .U ..1 W iss,ii,'lii,.av,;r,./sp, ,n,.. , k. ^ ‘J?! , ,t M.x.-i luai JlauHor. 

/o <n> m innlns. ,if, /’/.A // (Mijii^m,! IJMU;, i» 31 

1 lie („ i.iliMli.itc i.| ill,' m 1. ante, li.,w.'\, i, kin-wn. 
in I MM- |„i ovamjile, |fi. piop.., fi. ■, „| tli.- .ouka.-s, suli,l,.itcs double Bodnim 
v,I|,lmt«s (.111 ..nl.,.,„it.s .ui.|(...lil.M.|.„„;i,s ' 

Vmha'ltsril’ 36 - IW , TsoI,„m,„V.. 

icon 91 . •'i'b llfi. />/ . 12 y >0 

1?®°' n'l. A’;/// .SVr Cfuoi VtiMm’.] 3 V 
m , UniH 40, i:,0, (;n,.,k.s, /'/„/ /r«as. IPOS A 200 If. 1 «J 10 A 

210. :'.f,y. s.. , ms, a 8o r.i.; . ipi.t a, 84. 7p ! isos 

P n 11 "1 *02, !«•{ H I M.yi.unbA ^\ h.siu# Im-.w. N DiapuM. aikl 

account oV'iT ’ . 1914 86, Jfi 7 . Hn last j>iij.».i f..iifaiiis * very full 

^ llio clMMllstl} of SCaiMMl.Ill K. 1 . M TU . S |I„. .ubw,,JUM.l of lllO text 

VOL. IV. 1,1 



210 


ALUMINIUM AND ITS CONGENERS. 


a solution of a si'andinni salt with hydrofluoric acid, an alkali fluoiidc, or 
fluo'^ilicic acid Till' fluoudc 1.S fuhihle with dithculty in the blow pipe llaine. 
It is vci\ sliii;hlly soluhlc in hydtochloiic acid, in which it ic>iCiulilcs the 
thoiiuin salt and diilcis fioin the salts of the rate e.uth nielals (Ciookes j 
Meyci and Wassjiichiiow';. 

Scaiidiuiii lluoiido, like ziicoimiiii fluoudc, is soluhlc in solulioim of the 
alkali iluoiide.s Scandium ammonium fluoride, ScKj is* i caddy 

soluhlc in watei, fiuin which it ci\slalliscs in octahedra It is flcconiposcd 
by hwiiochloi M oi dilute sulphuin .icid with the piecipitation of scandium 
fluoride oi sc.indiiini .ininioniuni sulphate In aqueous solution it may bo 
reKaided as Mcldin^^ i hicil_\ the ions flXll,' and Scl\/", since it iloes not j;i\o 
any precipitate when boiled with ainnioni.i. Sodium oi [lotas^iuni h}dioxidcf*, 
liDWever, piiM ipilate si’andiurn hydroxide The cor responding potaSSium 
and sodium salts, ScK flKI'’ and ScF.flNal'’, are known, tliev aie less 
Holuble III water and less “coniph \ ” th.in the amiiioniurii salt (Me\oi and 
WiiBHjiK hnow ) 

Scandium chloride, ScCl., may be picpaicd In heatm^^ seandia in a 
ciirreiit of disul[)liiii dieliloiide \.i[)oui and chlorine It is a while solid winch 
lie^ons to sublime at It is h^Jrrosco[uc and di.sMihcs in water with 

evolution of heat, but it is insoluble m alcohol (Meyer and W mtei i 

When seaiidiuni hydroxide or oxide isdissohed in Indiochloiic acid and 
the solution conceiitiated, tine white needles of the hexahydiate, Si (’I hll , 0 , 
Hcpaiate out It is (leliipiescent and soluble in alcohol, diied at MH) it 
boeomes converted into 2Se(*ljflII (i, and thiN loses h\dro;'en i hloi ide w hen 
further heated ((hookesi \n aqueous Holutioii of si andmm chloiide leaets 
acid, owin;^ to h\dlol\sl^ (p 2011) 

Scandium chloride foirns a very soluble double ihloiido with nmnim 
i'bh)uh (Mcm'I and Was.sjui hnow ) The aurichloride, ‘ISct.l, 2Au('l, 21 11,(1, 
forniH ieadil\ soluble, xellow ciystals, which lose watei when e.irelully di led, 
and yielfl the hydiates with Ml, O and 211, (), and Anally the anhydious salt 
(( Vookes) 

Scandium bromide, Sclh ^ fllLO, is piepaied m the same m.iiinei as 
the ehloiide. It forni.s rhombic cixstals which at 120 aie con\ cited into 
2ScMr, .'111 ,0 (Oookes). 

Scandium perchlorate, Sc((fl(),), all ,(), from sc.andium hydroxide and 
jierehloiie acid, ci \ stallises as a felt like mass of colourless, I’liombie needles 
((h'ookes) 

Scandium iodate, Sc(l( ),),.! SI F(), fiom scandium ehlondeaml potassium 
iod.ite, is a wdiite, ciystallme powder almost insoluble in water, Imt soluble 
in iiitiic acid. When dried at 2.‘)0’ it becomes anhxdious. at intei mediato 
tompei.it ure.s, h)diates with ]r>M.^(), and lUlLO m.i\ be obtained 

(Crookes;. 

Scandium \.ni) the Oaxi.en (Jitoue. 

Scandium sesquioxide m seandia, is obtained by i jfiutmp: tho 
hydroxide, eaibonate, oxalate, nitrate, sulphate, etc, of scandium It is a 
white powder of derisitx .‘1 8G4,'and s]>ecific heat 0 loflO (i)” to lOO") ^ It is 
diamagnetic, the magnetic susceptibility being - 0 Of) 10 '* e g s. electro- 
magnetic units per unit mass.- Itdissolxes slowly in cold, moi-e readily in ' 

* Nilsoii and Peticisvson, Compi irnd , 1880, 91 . 232. , 1880, 13 , 145*). 

® R ,1. Mcyci ond Wuoiiiieii, Zutsch. amty Chrm., 1913, 80, 7 
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hot dilute acids, -ind very mu]il\ in hot conceiitrat( d acids, ^c.mdiuiii salts 
and wati’i heinir pi od need 

Scandium hydroxide, ‘Scroll),, is oldamod as a winter l>ulk\. mill 1110118 
precipitate liy addin;; aminoiiiiiin or sodium huliovnlc to a solution of a 
Bcaiidiurn salt When diied in the an it has a composition cm n '.}»oiidin^ to 
the above foiiniila The li.dioxidc is a rathei x\cak base, witli a in.iiked 
teiHleiK V to form basic salts It icadilv divsolxes in acids, forniiii;; sails which 
ha\e a sweet, asti indent ta'^te 

Scandium sulphide, S(‘,S . is a \ellow solid obtained b\ lientiiij; 
scandium sulphate iii bulio^'en sulphide, it is si dde in an. e\en at lOO", 
but IS decomposed by dilute acuis or Iioiliii;; w.itei willi e\oiution of 
hyiiio<;cii siilpliide ' 

Scandium sulphite M i*' obtained as a winte piieijutale by 

rnixiii;; soiuLion.s of sean<lium ilil<»iid«‘ and soiliiiin sulphite f('inokes) , bv 
p.tsKinLr sulphur dioxide lliioiiLdi aiia(pieoiis siisjiension «if •'» amlnim li\ ilioxnle, 
the li<‘xali\(liat(‘ ,V_,(S() l^dlLO, ma\ be obtained It is solnl»l(> in nijiieous 
ammonium siil[)liite, and bv e\njKiMtini; the solutidii in an alinospheK' of 
sulpliui dioxide, lUl/'lith, Si .(S( ‘ ) f M | ^ ) ,S0 , 7 FI ,0 is 

obi, lined I Me} ( r and Diajnei) 

Scandium basic thiosulphate, SdOlliS.o,, is obtained as a wbiie, 
llakv pi i‘i ipittitc when ‘'odiuni tlnosnipbale is ad«led to hot a<jn<'oiis ‘‘eandiiiin 
cblonde 'riimnim and /iKoniiini .in* sinnlaily precMjiitaled, but not tlie laie 
eaitli elements fMc\erand ])iaj»ier) 

Scandium sulphate, Se.fSO^; , is ol.lamed b\ di tin* oxide, 

bydi ixide, oi (ailionate in <'iilpliuric acifl, and ;rrnfl\ b* ilio'; iinnl water aiul 
excise of Miljiliimc a( id aie eliniinalcd li is .i wliil<' pi»w<h‘i of dent'll} TiTH, 
and ^picilie li<Mt 0 I h.'lll bet ween O'and l<*n “ 1 Ik* sidj»liate div>.<,|\(«.s ii-aflily 

in water , at TJ tlieit* aie II pait^^ ot anlisdrous sulphate in IliO of Iho 
Hatinaled solution (t’rookos) Tnlike tlie lan <aitii -iilpli.il* s, the soliil»ility 
does not (linimi''b with use of tempeiatnie Seandinm snipbale is not 
dcli(|nes( cut and is iiisobible in ale(»bol 

Fioni a eoiKM nliated aipieous solution the lie\ali\diat«*, S'.(SO,) f)ll„(), 
I’l \ sl.dlises out in small L'lnbiikir aj:'j:i(*«:aU‘s Tins bxdiale ellhuo-'t i s in .Iry 
ail aiiil hx'ues the peiit.di}diale, Se '1 1,,. pentali\dra(e is tlic 

stalile phase m eontaet with the solution at 'lY, at whnh 1* in})eiivl uie 
loo iriams of solniion i-finlain I l’Mio'. of anhydrous sulphate Tbo 
soliibilil} .liters with the addition of snlphui ic and, a'- shown l<v the following 
data — ^ 

(Iranis of fl SO, per litie . . . t)(> ‘il’b 10 0 rjlf) Jl.'J.'l 

Noimalitx of ll^SO, 0 0 Ob 10 180 0 73 

(TrarnsSc^(S(),). ])er 100 of Miliition L'S bj 20 2!» 10 87 8 311 132 

When dried over siil])liniic .acul the pi ntali\ drati- rhariL'eH into the telra- 
hydratc, and this at lOO’ beeomeb con\< it< d into the dih}<lrate The latter 
may be dehydrated at 250" 

Scandium snlpliato solution is only slowly aial ineoinphtelv j'l ei ipitatcd 
by oxalic acid and by bodiiim thiosulphate Moieoxer, the eipiivaleiit 


’ Wirtli, Zntsfh anvrg Chtm , 1914, 87 , 5 

* Nibeii and Pett^nsoii, lor. ct! 

• Wirth, ZeiLich. anotg. (Jhfm., 1914, 87 , 9, 
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conductivity is iibnoirnal, in that (A.,,,,, -A 5 ,) ls miicli smaller than >\oiild be 
anticiiutcfl Tins is slioi\n by the fiillowin;^ data — 


Ti‘iii]M*nitun‘, 25" U. 
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The C‘\|)l.iiialn)n <»t tln'M' aiinin.ilniis icsiilts is that scandium sul|ihate i.s 
really I lie seainlmiii salt of a complev sc.mkIiuih snlphiiin; ,icid, 11 , 

thus, Sc| Set SO,), I 111 coiiliim.itioii of this vieiv it is Imind tliat \vh(*icasin 
nii;;ialion I'vjR'iimenls with scandium nitiale and chloiide solntion.s nothini; 
ihnoimal is obsciNcd, with scandinm snlphale a I’onsideiablc (jnaiititv of 
seaiidinm miL'iates to the anode (M(*yer .ind iJodlanihn) 

A basic sulphate, S(\0 ’JSO,, is piodmasl when seandnim Miljdiate is 
liealeil to dull K'dness (( 'lookes) When seandinni sulphate pi'iilahxdi.ite is 
dissol\i'd in snlph'iiK acid oi dcmsiiv 1 (i acid scaiidium sulphatc (or 
t>i'(in<hntn m hi), N-.fSO,) .‘{II .SO, (m II Se(SO,),), ei \stalhses Horn 

th(i solution ' 

Scandium potassium sulphate, Ne,(S(),) :‘»K .so, oi K ShSo,), is 

oblainisl by addim; an (’\et‘s> ol pol.issinm .snlphale lo a solution of .seandinni 
Mnl[ih.ite “ It is iiiodc'iati'lv .soluble in w a tei aiul dilute potassium sulphate' 
solnrion, but ptaetie.illy insoluble in a saturated sidnlion of pol.issinm 
Hulphale.'' In thi.s lesjieet seandinni lesembles the metals ot the < elite 
eaiths 

Scandium ammonium sulphate, Se.iso,), ;i(Mi,),so,, resembles tho 

])olassinin salt eloselv (Mevei and Winli'i) When its a<pieon.s solnlion i.s 
boiled, thesparni^d> solnlde double salt, Se .(SO,) -Jf Ml ,),SO„ sepaiale.s out 
(Meyei and Diapiei) 

Scandium sodium sulphate, Se.fSo,). ;iNa..so, loii.o, can only be 
prepaied in the pie.senee ol a laiLO' excess ol .snlphniie acid It is readily 
soluble in walei and in eoncentiated .sodniin .sulphate, theieby lesenibliiif' 
thoiiiim sodium sulpliate (Mevei an<l Ihapiei) 

Scandium selenite, Se.j.SeO,)., is anamoiphou.s, wlnti' solid, insoluble ill 
waloi W hen hi’ated with excess of .•upieou.s.selen ions aeid it is eonvei li'd into a 
oiystalbne, insoluble acid scandium selenite, Se_.(SeO,) .‘Ml ,.SeO, (NiKoii). 

Scandium selenate, ^'C.fSeO,)., erxbtalb.ses from water in rhombic 
piiain.s of the octahydiale, Se^(SeO,). SH ,() W hen dried at 100" the 
dihydrate i.s foi lin'd, and thi.s ks eompletely dehydrated at tOO' (Ciookes). 

ScANOlUM \ND 'IltE Xll'KOOEV (JroLT 

Scandium nitrate, SL(i\0,),,orvstalliso'4 fiomaneutiabnpieous solutionas 
colour I e.s.s, delnpu’seent, prismatic crystals of the tctialndrate, J^o(NOj)^ HfjO, 

* ^yMtll, Zcihih. anoig. Cliem , 1914,87, 1 2 Nibuii, Ivc nt. 

* Nilwm, loc. at. , Crookes, loc at. 



SCANDIUM. 


21 d 

Boliiblo in alolio] The tetralivdiate beftnni's |usty .ind anlndmiiH al 100*. 
IJjisic sails of the fonnnhT Se.O. iN ,0^ .311^0 and 
been dcsci lin’d ((’lookes) 

Tlic' niti.ito !«> iL'.idily di’conijioM't] h\ lirat with tiu |iio(Iiu’tion of ha^ic 
Ecandiinn nili.iti'.'N, :ind jinall\ of siandia. 

Sl’AM'll’M AM) IIIK CUtUI’. 

Scandium carbonate, N' l-ll.<^ is ohi.uiud as a wlnto, Imlky 

])i(’('i[)itut(‘ when a soliihh’ c.ii hon.itt' is .'iddcd to .i 'M.oidioni s.iit It haa 
Lliu .ilio\ <'oiii[)osition when an diii'd Scandnnn oai hoii dc is i.itlu i uiistahlo, 
and will'll lined at 100'' it lose', a little ( iihon dioxide i( lonkesj 

iSe.iiidiiiiii eaihoiiate dissolxes in hot .i<[neoiis so(]inn) m .nniiioninin 
eai hoii.ito \\ lien these sdlimons aie hoded, dill < iiltlx sohihle SCandium 
sodium carbonate, Si (( t) ) l\a,( o (dl o, and scandium ammonium 
carbonate, I’.N' ((’(),»_ (Ml, ).<’<• I)l!,<», .ne ohtaimd a> ( iv^lalline j>ieei|H- 
tal(s 'i 111 s(' doiilile laihoiiates d]'-sol\(> without di i oiii|io''it ion in a lai^n' 
voliinii’ of cold water, lint wlnn the solutions aie boiled, hasie s.ilts or 
hMliovuli scjMMte til .) Me\<’i and Winlei) 

Scandium oxalate, .'^e it’ tl,) “illo, ni.n be |)mm Ipitaled fioiii an 
a([Ueoiis solution ol a ^eandiuiu s.ilt h\ ox.ilie .i< id, .iiid when an din’d, foiniH 
a white, eixstalliiie powdei of the alio\e <’oiu|»osilion It is vliolitli, hut 
(lislinetK s(,luhl<‘ III w.iti’i In dilnli u K it is hss soluble than the 
ox.ilates ol the iiie <ailh eleimiits, .is will lie m I'li lioiii Iil’" 1‘> .md *J1, 
and, unlike the i.ne e.ulh oxii.tles, it i^ nioie ^folnllle iii dilute sulphiine 
than III h\ilioehlni le .lenl In the^i* ji'inets it le^emhles thoiiiiiu o\,ilili’. 
d'lie soliihilii s (lata ai e as lollows (see III'' I'O ’ 
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lloilni;^' 10 per otMit hydioehlone a< id dissolvis pn M-iit of its wiipjlilcf 
hydiiiti-’d scaiidiuni oxal.ite , tlie 20 [)ei n nt aeid, 1 pei eent of oxalate 
(.Mc}cr anil \\ inter) 

When dried oxer Hulplniiie acid, the tiihxdiate, .S’ (t \(),), ’{II , 0 , w 
obtained, at 100“ the dihydiato, and at 1 1o’ the inonoliMliatc ispiodined 
(Crooki's) 


^ K ,T MiyeranU WdS'ju' liiiuw, />i(srfi avorif (’hfni , ltil4, 86 , ii”! , t/ Wirlh, 
1914, 87 , 11. 
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Scandium OKaliiti- disvilvcs readily in hot aminoniimi oxalate solution, 
less readily in potasiiinii or soilnuii oxalate, and on cooling, crvKtalline double 
oxalaU-,u\ the lyi.eSe/(VJ,), .IK;!;, 0,1011,0, or U;[Se((:,0,),]V.ll/), separate 
out ' Siaiidmiii oxalate has a strong tendency tonaids (loiihle salt foimation, 

— iiiid wlien u ^solution of sodium 

or pot.l^h^lm oxalate is added 
y to ono of scandium iiitiato, 
% fQ / the ciTstalliue precipitate first 

^ y piodueed is li double oxalate 

^ type Sc^((^0,), 

Qff y and WasHjuelinow) 

£ / Scandium acetylace- 

1 / ^ tonate l(CJI,r()u:H],Sc, IS 

t ^y obtained liy addinjr scandium 

^05 chloride solution to acetyl- 

• oretone dissolved in a slight 

2 '^y eveass of ammonia It may bo 

y ^y^ purilied hy crystallisation fiom 

P^'‘ alcohol, or by 

S / <liss.)l\mg it m beii/ene and 

o / y^X precipitatinu" with light 

\02 / xy peliol.Mim By the former 

VO y' y method it crystallises in 

y X"^ ' coloinlfs^ s[>ailvling pnsins ; 

'"yv ,^/V ju in' the latter, in needles It 

1 ,sohible in ether and chloro- 

Normahty of Acid foim, and melts at 1(S,S“ c , 

l4() II*. - Sdliiliiliiy III siMiiiliiim ill* iij acids it crystallises in the ihombic 

, “Z5X" 

the lieiving point metliod in henrene, nnd l,y the lioiling i«)int inclliod in 
thitT’ <liMilpln.lo. .iiid the lesnlts sho« elenrly 

or [(Cli , ("u)/;'lSsor«i'^ Se ^ l=<')/''ILSo 

.teetylaeetonate hog.ns to 
suhinne at I.., , and snhinnes rapidly at 187- aithoiit den.niposition At 
atmospheiie piessme it melts at 188' and eommenees to volatilise appiec.ably 

1 r''"'" •‘^-'I'l^'cHonate does not 

Z In Its piopo.ties It theiefoio reseuftles thorium 

«m “-‘"‘-tonutes ot 

descSa-dliy CriH^'es® 

Scandium silicate (see p. ^Oo) 

33, Amsterdam, 1914, l6, 109r. , AVc trav. .him., 1914, 

...d\lI,r7"’o!.'Ul7r\w:.‘9li,'3or'i^ “83 i Morgan 

* Aloigin and aMoss, Idc eif ’ ' 
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Si’^srurM Bonov. 

Scandium orthoborate, SiBn., J>n‘p.ii(‘il l)y fnsmi; Ikjul- nnhvdiide 
with bc.vui(li;i iiMil c\t i.icliii}: llu‘ i*\n sh ot lioiir unliMtiido Witli Wiilt i, is ii 
white*, iii^uhiMc* |)'i\\<h‘i (tJuxjKi'') 


Dk ll.( I ln\ \M* KsilMMION oP 

Minute .'irnonnls of *«i.miliuin hr drlirU'd in niin(‘r;ils etc', owin^ 
to the <'\tii‘in(‘ (irli(‘u\ 1.1 lU .nid aie sp-cti.i Mlun iilih''in^ the 

sji'ti ^ il is lii^l iirii's,ii\ to drt iiiiiposr tlie snltstaiici* iiiuler 

ex.mim.itiiiii, jiiti'ipit.it-* ilir i.tiths ,n <»\.dili's, i<r!iiti‘, aial dissolve the 
K'sidii.d oxi'li", in li\ 'liui li'cii i(‘ .Kid <)v\iii<' to thr sli<;ht solnhilily nf 
se.indiiim (»\ il 'Ic in ii\ .li< • Idutn* ai*ni, tin* lill'.itr hoin tin* ov.d.ilrs s|Mml<l 
1)0 pM'i ipil.itoil \Mlli .tiiinioiii I, .ind (ho pnripitalr liKt wi.sr tisird hjp 
soindinin in o\. 1111111110: >110 oiith ininn.ds it is, imok'OM'I, tioooss.u^ to 
eoiKvnhah* liio M.indiiini into a small fi.iciion of llu> laio raiths It is 
also iKTC'.s.n \ to I iin oi|i a pi« linnii o \ t In nnral tii' ilmoiil ))'‘ioi(M'\iu<iin- 
liU till' >./ M / If wIh'u 1 10 ruitli ininriaK .m* Immu^ oxaiiiiiad, hnl will* 
oilioi mini r.ds .ind mh ks it snlln < s to jiowdoi llio suhst.moc, )kmI it to 
i»’dn('s>> III (iidri to dii\(‘ oil \\.it«i and f:: iscs. and tlion l•\alnnu‘ Ihr arc 
spectiuiii Ml till’ [lowdii Ml tlio usual was, usiiu: a o.iihon aio \t Ir.ist () T) 
01.1111 niU''l ho us( d, .iiid It inusL ho / 0 //// 1 /' ^ N.ipoiis( ] if tiaiosoi sc,,ii(hniu 
aro to ho dotoi t( d ' Tlio ^pootiosoopio in\ostii:.aioii should ho iiiadi* l>y tlio 
pliotoi_'».H)hio ini'lliod, tlio 101:1011 lioiii .‘l.VM) to .‘17tt0 Im ini; jiai tioulai ly 
exaiiiim d f ( '1 ookos 1 

'H)^‘ most iiiton-'i hiK s in llio .110 and spaik spoiti.i ol M'.indiuni aic as 
follo\\s 

.siMik .’."I*).'! ih'oH 71, :r)07 ss 3572 72, o‘»7t) .■):!, .■h").''<i IT), 36 i 3’98, 
3630*90, 364296, .‘h)")! ‘.Id, 424700, rn I ‘Jo, 4 .{‘join, iiu’) id, 

I !7I t^, IHH) -»(), llio 7J 

.110 5hv. S'), .‘r.TJ.n, ihn'isho, .immss {:)7J7j, ;jr)7or):i, .'{niugH, 

.'hi.uiDii, :{!)i)7 1;'.), iinjo'h 4ojt)r).D. t()j3s;i, -ijitoo, 

liiiijr). i;lm)'.) 1, 13J5 id, i.t7n;s, ikov;, 111572 , <;;iod« 8. 

riioaio s})eilMiiii of so.indinni oiinsists of two dihtiiiot sot.s of linos which 
h, li.'i\e ver} ditloienlly m solar sjiutii Oiio ,if tiioso sols ooi rosponds to 
tlio “onhanced ’ linos of otlnT oloiiionts Tlio aro spoitium wlion t.iken in 
air shows very oh.ii.iotoi isia llutiufxs dm* to s, .uidiiini oxido They disappear 
win'll iho are is t.dxon in h\dioL^*n, .nid at tin* .sann* tiino tlio spoctruin 
apiuoxim.ites to th.it ohsoi\od with iho sp.iik disehaifro (Kowloi) 

For the (piant it.iti\o ostim.it ion ol si.mdmiii il is precipitated ok tho 
oxalate uni weiLrhod as the sosquioxioo 


* Jil)i'i li.inl, Sitzumjshir K Ahhf H'm Hfilin, 11)08, j» hUl 1910, ji 404 , C'Am. 
.Vri/.s, inOD, 99, >0 . I'.M'), 102. 211 

^ Lnckyer and itax.iiKljll, liny Sne , lOOfi 74, f»'{8 , Fnwlri Phil 7 'rans , 1908, 
A, 209, 17, PiO' Ji<y S'lc , l‘i0S, A, 81 .'185, Fxinr ainl llusilick, Die Spfkirm def 
Llrmfri/*' bei iiiir I afi 111 Jiruek and Vii iiiia, 1911), 'ol 1 , Kaiser, Jlnudbwh def 

(Ii('i|)7ig, 1912), lol vi jj 144. 



CHAPTKll X. 


THE RARE EARTH ELEMENTS. 

Introductory. — “Clu'ini.sts (Jistinj'UiMli snc-li hul)ht,itu‘t‘s l)y the name of pnic 
oarth, us an* hiittli*, iii('oinl)«istihh*, iiirusihk* by tlie heat of fiunaees, not 
soliiblij in hcverul Imndied times llieii weij^lit of water, and dc.stilute ot 
metallic Hplendoiii Then* aio few eailhy substances which in.iy not be 
rodiiccd by analysis to one of the li\e lollowini' pniniti\c eaiths -the 
Biliceuus, aiuill.u'cous, calcaieons, pondeious, and nia< 4 nesian eatihs oi othci- 
wise, talvcn substanlnely, they aic called silc\, il.'u, bine, baiNti's, and 
magnesia " ' 

The pieccding (piotatioii will s(*ive to show the iniMiiing attached by 
chemists to tin* teim entfh at the time when the foundations of niodi*tn 
chcmistiy weic Is'iiig hud Kim* eaiths wen* recogniMd, m/ , silica, alumina, 
baryta, lime, and magnesia, and tin* e\l^tence of aiiolhei (stiontiaj .stiomily 
suspected, (ilucina oi iM'iyllia was added to the list in IT'.ii'', ainla nnmher 
of further additions wen* ma<ie within the ne\l twL*nt\ \e.iis iiom that date 
It will I K* noticed that the eaiths all agiee in one n*^pecl, \i/ , they aie e«\ides 
which can only be reduced with gieat dilliciilly. 'J’hat tin* eaith*' wen* o\iiles 
was suspoi'led by Lavoisier, and haw’s classic expeiiineiits ((.SOS) on the 
electrolysis of the alkalies aiiU .dk.iline eaiths alloideil tin lirst e\|)('Mnu‘ntal 
continnation of tins view, by llei/elins, (Jnndm, and otln*is the eaiths weic 
usually divided into Iwo groups, (i.) tin* alkaline eailh.^ (lime, stioiiti i, baivta, 
and magnesia), and (n ) the eaiths piojiei , then mel.illic (onstituonts wen* 
classilieil, togethei with the alkali metals, as liirht inet.ds Moieovei, silica 
was sometimes lemoved fiom the list of e.uths and [ilacul among the a<*ids 

For a coiisideiahle niimhei of yeais it iias lieen enstomaiy to lefei to 
cortiun eaiths as the rare fvnV//.s, since foi many ve.iis aftei their diseoveiv 
the only available sonrees of them weio a numhei of i.ire minerals, found 
principally in Seandinavia. Oiigmally, two sueli eaiths weie reeognised, 
ceria and yltiia, these initial ran* earths, however, have proved to he so 
extrenudy eomplev that at the present time fifteen lare eaitlis receive otheial 
recognition, and it is probable that the e\isb*nec of one or two more will be 
Biibstantiated. 

There is nopreci.se limitation to the natuicof the eaiths that are to he 
regarded as raic earths In this hook the tt*im ruie earths is restiietefl to 
tko sesiiinoxidos, .M.Ahj, that liave been lecognised as eomponents of the 
original “ eeiia ” and “yttiia”and to eeriuin sesi|iiio\ide - Accordingly the 
earths gln(*ina, thona, and /iivonia, and the earth-aculs, vi/ , titanic oxide 
and tlio peutoxides of colnnilmim and t.iiit.dum, are not di-sensM'd, althoiigli 

‘ Nicholson, The Fust Pnnriples nj Vh>mnlrv, 3i<i ed , 1790, p 99. 

‘ Ceiia iLscir is a dioxide, Le(>.j 

2W 
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some authors incliulo tlieiu tlu* rare oaillis. Morcoxcr, .scainli.i n not 

includftl ainojii; the laio taut lis, hut is irivon srpai.ite tioatnnMit (('liapti i 1 \ ). 

Tlio rait* ivirlli (‘li'iuonts, tlu-ii svinhoK, .iml atomic .iioii'mmi in 

tlif follow iiii; 111 which the clcioi-nts aic i|i\itl.<| uilo thicci;iitii|)htor 

reason''! that will he hiihsci|m'iitl\ e\|»l.inn tl ( p Jllh 
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rroiu the aii.il\tieil [xtiiil of mow, tlie laie eaitli elem< nts leseeilile 
aluiiiiiiiiiiii and (liioiiuiiin, fntiu ntliei points of m(*w (hev le>^tnlhl(‘ lie' 
alkaline ( ,11 ih niel.ils and hisniulli Tin n nlo^t stnkniLr ( li.iiai (< i i'‘t!e, liow- 
cvei, Is then e\tMoi<liiMi v (heniu.d ''iinilaiitN one witli .inotliei, and since 
the Mie (Mitlis aie ,ilwa\s ass<K i.ili d to^etlnu in ii.itiiie, then .sepaialion 
from one anolliei is ,i M-iy lointid.ihN' task Tin* <lilln ullie.s eneonnieied lar 
buip.iss tliose met with iii seji.naliiii:, s.iv, e.ilemm liom stMiiitiuin, oi ni< kel 
iioni cohalt , in the seji.iMiion ol tin* i.iie enth (*leiiienls, an.il\tie.il melliods 
.similar to those oidin.nih empioMil m .iiMh^is aie lesliieted to the sepaia 
tion of eeiiiiiii fiom the othei". 

In the pieseiit eh.ipLei a ireiiei.il ineount of the «h(nii.sti\ ol the Mie 
earth elements is uiM'ii ln('h.iptei \| tie sep.ii ition of the i.iie eaiths i.s 
(liseiiss<‘d, and in ('hajdeis Ml, Mil, .ind M the indi\idu’il laie eaitli 
(dements and then (ompoiinds an* <leM iihid 

Occurrence' — In minute cpi.intitn th*‘ laie eaiths .no exln'iiedy 
widely disseminated in natnie d’hi'. li.is heeii shown (‘spni.dh h\ expeii 
iiieiitH dealing with cathodie pliosphon Niriu’e spis (la ‘ ’ Tiaees ol mie 

e.ii'tliH occur in many mmeiaU, ol whe h .s< heelitt-, ’ pitt hiih nde, apilile,’*" 
cert.iin vanetes of caleite, •’ iliioi^pii, ' ^ t .C'Silenle,'' aiel woln. unite'* 
may he paiticnlarly menlioni'd I’.iie i ai tlis lia\ealsohe<'ii detMiedm «oi.iI,“ 
bones,-’” the .islies of nee and lol)aeeo, ” etc 

The niimljer of mmeial species (oiitainiiiL' the mie e.n tlis i*, xci v large 
They eoii'-i^l for the most p.iil ofMlii'ilcs nlln.lt(^ /inaaiates, t.mtalates, 

* Sit Si 111111111 ,', Dab I'OTk'imiiif n iln s.l'f„v J'!>n ,//i ]fi'n min irlti (Miiim<]i .nnl 

Uorlni, Ifli'li, Uiii^ir, I Z' ltd'll Mm , Ism i 6 . 'iml M, ninth, a ,i,, si/i/ii»r- 

vc'fischt'a h'lanil P' 'imahhinngi', (’ilcn .iii.J Th- Min>i„fi»tii nt ih, Hiiirr 

Ki'iiimfsii (irillia k t’o , I I I , ];M2), L*o}, J'h U'ttt I’niih-, (Ann-M, 1910), .nnl ilio 
1 ni;^'('i niiiii'i.ilii^K <il trxl 1 k>! i.l lliiil/r I>"il m, <|( 

- tliimkes, i'hii 'J'lans , 18'-3, 174 , in. *•'•1 . C'.".* X>u<t, 1881, 49 , 1.09, 1G9, 181, 
191, 20.0 

* Ui ham ami Seal, f'oinpt trml , 1907. 144 ‘50 • 

■* Uihain, Ann ('him I'hys , 1‘'09. f\iii ], 18 , .LOG 

“ (Jo KoIkIom, ('trnijtt rent/ , 1911, 159 , 318 , Ann ( him , 1910, [i\.), 3 , 338. 

('.I'O.i, dnz^ftta, isr9, 9, ns 1S.^0, 10 , IG.O 

Headdon, Amer. ./. Sn , 190G, (iw ), 21 , 3 i»J. 

* Huiiijiliii \s, Abtiophyi J., 1904, 20 , 2GG 

® Eboi li.il K. AkaA. f^ns Btrlin, 1903, p 8.01 , 1910, j) 401 
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and phospliatos, in which tho ran* oaiths are associated with lime, thoria, 
glucma, oxides of iron, nr.iiiiiim, etc They occur piincipally .is included 
minerals in gi.initc and pe^onalite 

The minerals occur m.unly m four or live loc.ilities The Scaiidina\ian 
deposits were the first known, iiiid, althouirh not very plentiful, aie exlTcmoly 
rich in mineral s])ecics In Voiuay, tlie chief localities are near I/m^cMind 
Fiord, and include Arendal, Ihewik, Ki.i^em, IJittero, Itisor, and Mos^ , the 
Swedish de])osits are found at Ytteihy and lUstnas Tho granites and 
pegmatites of the coast of (irecnland are also rich in these minerals, winch 
are almost invariahly fissoei.it(‘i| wiilj wt/n itf fn Noith America, tlejujsits 
occur ill North and Smith Carolina, Colormlo, Viigmia, Idaho, Maine, and 
particularly at nainnger Mill, Llano ('o, 'I'evas • In Sontli Amerii'a, large 
deposits of mona/ate .sand (‘ccur m lha/il, jiaitieiilarly in the [)ii\me(‘s of 
Bahia, Minas (Jer.aes, Kspiiito S.into, M.itto (imsso, arul (Jos.i/. Other 
deposits of rarei'arth minei.ils an* found in the Urals, p.ii linilaily at Mi.isk. 

Among the most im[)oi taut ran* caiLh minei.ils allanitp. monantp.^ 

atsichyniiPy (jtvhliHitp^ jpiiofinip^ /finiut>n?iilp, ntfiotm/tahfpf 
crnup, and pupphU^ 'Plie first four of these minerals are rich in coria earths 
and poor m yttria earths, the reverse lieing traie of the otlu'rs 

CPiite consists essenti.illy of a Indiatcd sdie.ite of eena, with small 
amounts of iron, ealemm, etc It eiystallises m oithoihomlue juisms 
(a b'c -0 999 I O’Sl.'I), Imt eominonlv occurs in the rn.i.ssive or iri.iiiiil.ir 
form, and contains 59 (o 72 per e(‘n( of eciia - The .unoinit of Otiia- 
prcaoiit may reaeli 7 pei cent llanlness, .*) ."> , density, 1 «'^f) to 1 t)l Tho 
colour vanes fiom led to hr own or grey Cerite is fomid emlxslflcd in 
gneiss at IViatnas, associ.ited witli iniea, lioinhlende, all mile, an<] (■h.il( »ip\ i iti* 
AUanite or otlhitp (vaiielies, Imrklnmlifp, uuiloilhit<\ h(uj}ati<nnt>\ ^ an- 
(lium-orthitp, tmuomanfifp, la a basic oilhosilieale of c.Mciiim, 

ahiminiimi, iron, and eeiiiim It <*rystal]ises in moinielinK tables, [)lat(*s, 

or needles (a h /■ = 1 riol 1 1 709 , -01" 59') of a nsldisli l)la<‘k colour, 

the crystals often resembling lUsty nails, and generally eontaiiis from 10 to 
25 per cent of iMr«' eaiths llaidness, 5 5 to 6 , density, .’1 5"to 1 2. Allanile 
is found in Tex,!*-, (Jieenland, Xorwa\, and Sweden 

Monnri/p, (\'{ La,l)0l’lV is esseiiti.illv ceiium (lantbaniim, (‘te ) mtho- 
phosphate It foims iiKUimlmic eiystals (a ' 0 909 I I) 920 , /j- 

70" 20') wliieh xary III colour Irotii hyaemthred to brown ll.iidness, ,5 fo 
5’5, densitv, 5 0 to 5 2, and oeeasiorially as hiiih as .5,5 It genei.illy 
contains 00 to 70 per cent of ceria, and from traces to upwards of 5 pel 
cent of yt li la 

Mona/ite eiystals, wliieb are rather scarce, are found m gianites and 
granitic gneisses in Noiway and (Ireenland, in Ox Ion, and in one oi two 
other localities Kolled grams of rnon.a/itc, however, oeeui m almnd.inee, 
being found iii laige deposits of sand and graxel in xarious loe.ihties 'I’liese 
mnnartfp .sawl.'* haxe been produced by the xxcatheiing of rocks which 
originally eont.imed a very sm.ill percentage of mona/.ite, and the suhscfpient 
washing aw'ay of tlie lighter materials produced. The mona/ite is assoeiated 
with numerous other minerals, quart/, thorite, zircon, garnet, tourmaline, 
hornblende, augitc, olivine, topaz, spinel, rutile, magnetite, titamlc and 
cassiterite. 

* HkIiIi'ii and Amri J Sci , 18''9, fin ], j 8 , 474 , 15*0.', fiv.], 19 , 4J.'t 

* Hy “cpna" and “yttm” tlihuiglioiit this soeiioii hio me.tnt raiths of tho ctnmu 
group ” anil "earths of the yttimm groiqi” rosjiectivoly. 
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In North and Soiitli Caroliiin nioiiayito oocuir in sticain hods .ind idiiccr 
deposits, Its oiigin being the granitic hn)tite-gnciss and dioiitic lun iiblciidc- 
gneihs of the sniiouiiding country Tlie gra\el deposit \aiies fioin one to 
three feet in thickness Tlie Itra/iliaii dejiosils oecni in the pioMiices nlroady 
mentioned (p :ilS) They occui along the eojist .ind also inland, following 
the courhc of coitain ^\ater-travnsod s}eiiile rocks ami gneisses Mona/ite 
sand IS also found in Fndia in the nati\e State of Tia\aneoie,^ in (\'\lon, in 
various localities in the Fodoiated Malay States, and the pioteeted States of 
Kedah and Kelantan,- and in vaiious paits of Nigiuia * 

Monazitesand is of considerable comiueicial iinpoit.iiiei', since all loon.i/ite 
contains a little thouuni, \\kiich is einploved in the nianufaetuK* of in- 
candescent gas mantles The coniiiieK lal value of a sample of nionazite 
sand dc})ends, in fact, ujion its thonum content 

Most of the vsoild'a supply of mona/itc sand has eoim^ fioiii lha/il, wheio 
tho annual |uoduction of sand eontauinig !)() pei cent of moiia/il«' eveiMsls 
GOOO inetiic tons Moiiarite sepaiated fnun the <*oueenliate(l sanils found 
on the sea coast contains 5 to 7 |)ei cent of thoiia, iiioiia/ite fioni tho 
inland deposits cont.uiis 1 0 to T) 7 jiei cent of thoria ‘ I’noi to its (‘\pte*ta- 
tion, the sand and giavid is washed in sluice boxes like placer gold, and the 
dried s.iiid fieed fioiii niagm’lite, etc . b\ an elc( troniagiietic pioeess It is not 
dilheult to “com entiale ” the sand in this way till il eontaiiis ito pn cent 
ol moiia/ite The thoiia eontent ol the piodm*t iigulaih iiiaiktdid \aiies 
fioin 1 7.") tt) 7 1 per cent 'I'lic moiia/iti' s md di'posits in Caiolina .iie poor 
HI thona .itid of little or no pieseiit eoiniiMieial v.ilue, but tie le is a very 
eoiisideiabh' jinxliiel'oii of the s, ind, \«i\ rnh m thona, fioni 'liavaneoie 

The (.oiiipo.silioii of a nuiiih«‘j ot xunplis ot iiioiiante is given iii thc 
follov^ji*: lalfle — 
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' Ti|'|>i I, frfiil Snroff/, India, ^ IHG , Ch. ot Ounm 'J0r<. 

2 Hull Imp /as/ , 1‘|(J6 4 , 301 , I'lll, 9 . 1*9 
’ Spp »S J<iliiis!fiiie, J. Sur i h'm Ind , 1 91 < 1 , 33 ,' 55. 

* Mniniil Iitdiiifri/, 1909 , 18 ^37 

® Oolt'clialk, CJmn Kn>i , 1915, 21 , 169 , Minmq Enijtiuerimi Wurld, 1915, 42 , 903 
** Data tiikrii fioni a l»v S .tolmstoni*, ./ Sor ( /i^m /««/, 1911,33 55. See nbo 
Geiilh, Avirr J Sn , l.ssp^ 38 , J(i3 , Hlumstifonl, ./ pnikl t’hnn , ]‘'9U, (11 ], 41 , ‘JSQ ; 
Chrm Soc Abds , 1890, 58 , 111, .571 . 1 891 , 60 , 1 168 , (lldsfr, ./ Auirr Chan. Sne , 1896, - 
X 8 , 782, Schilling, Zeitsih mujeu. ('lain, 1902, 15, 869 
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The prccodinj; results it-fci to monazile caicfully freed from admixed 
minerals.* 

^KHvhtnite^ ,, is a colmidio-tit.uuite of cerium, 

it conlfuns a (■oiisidri.ihle (jiiuntity ol tlionnrn Jt ciystullisc's in ortlio- 
rhoiiiliM' jiiisMis ot tiiliJcs (r( h c OltS? I 0 67 1), w liich .*110 iisiially bliick 
III colour IIaidiic''S, !j to 6, density, I ‘J.i to n 17 J'lbcliemte coiilaiiis 15 
to 21 per cent of eeiia, and 1 to 5 pei cent of yttiiii It is toiind in Xoiuay 
and tli(' Tials 

(rivluhuitf IS .1 l)asic 01 tliosilieato of yttuum, f;liiLinuin, and iron It 
forms inonoelmie pi isms (o h v 0 6275 . I 15215, /i 26 5'), and 
oecui.s in masses, wliieli are daik in colour and f(i\e a ^rei'insli L(iey 

streak. Ilaidiiess, 6 5 to 7 , densit\, 1 56 to t 17 It contains 56 to 1^* jier 
cent of ylliia, and 5 to 16 jmt cent of ceiia (iadolnnle i.s found as el\'^t.ds 
ni ^ranitii pe^m.ilite in Norway ainl Sweden, and occurs almndautly in 
Llano (\» , Tev.is “ 

AV«f>/c//e‘iseiisenliallv yttiium oi tliopliospliate, \ POj It foims letia<;onaI 
crystals (o c -1 0 6lS7) lesemMuiL; unon llaidm'ss, 1 too, d(‘nsity, I I") 
to 1 56 It contains 51 to 61 pci (cnl ol \tliia, and fiom H to 11 }>er cent 
of oeria XenoLime oeeuis in I'lieiss, ij;ranitcs, s\enites, and in llum pi‘i:matite 
veins 111 Noiway, Sweden, Swit/ciland , it is also found in the mona/it(‘ s.inds 
of ('aioliiM, (leoij^ia, and lh<i/il 

/V/v///.so;o^', ,('e)((d),Ta)( is a metatantal.de and eolumhate of yltiinm 

It cryst<dlises in telia<zonal hipviamids (u c 1 I 161) of luownish Maek 
coloin, and ):i\es a pale luown slti-ak llaidness, 5 5 to 6 . d«>n^ilv, 5 S It 
coiitani.s 50 to 16 per cent of \ltiia, .ind upwaicK of 0 ]km cent of c'eii.i , aUo 
tlioriiim and utaniiim in eonsidiuahlc* i|nanlil v lo‘i<;usonile was di.seoieiul 
111 (jnait/ in (lieenlaiid , it cxeiiis in T(‘\as, Viiuinia, and ('.uolma, assoeialeil 
W'ltli sainaiskile and i^.cdolmite, and in .Noiwa\ and Sweden, associated with 
enxcMiile 

Yfhofitntdhfi and aie columho taiital.ites of jttnum, iron, and 

calenim SamaisKite ditleis fiom yttiot ii.lalite in heiiiL' iic*h in ui.inium 
Both mmcM.ds aie oi tlioi Iiomhic and ledclish-hiowii to hliek in e<)loui' llaid- 
iiess, 5 to 6 , «leiisdy, 5 5 to 5 !) ^ ttiotantalite c'oiilams 17 to [)ei rent 

of ytliia, and uiiwaids ol 2 peu eent of ceiia , s.imaiskite, 5 to 21 pm eeiil 
of yttiia, and fiom 2 to 5 pei es nt of ceiia Puitli miiieials cjceiir in i^ianite 
pejjmatito in \aiious localities, samaiskite occurs maasi\e in Noilli C.iTolma 
in lai^jo cj Haul dies 

Eujriutf IS a ecdumho-ldaiiate of yttiiiim, which c'ontain'* uriiniiini It is 
ortliorliomhic {<( ■ h f - 0 561 I 0'505), hut iiMialh oeelll^ in hiowiusli-hlaek 
masses which li,i\e a pitchy lu^tH‘ and ync* a ycdlow to rc'cldish hiown stieak. 
Hardnc'ss, 6 5 , density, 1 0 to 5 0 It eontaiiis 15 to 50 pei c’ent of yttiia, 
and 2 to S ])er emit of cciia ,Eu\enitc is umnd in Noiway and (iic'cnland. 

IS similar in composition to enxeiiite, witli wliieh it is iso- 


^ Foi ii lul)li('grii|i]iy of the litoraturo on moiia/ile .so t.ii .is KSOl, see Nit/e, S.ricenlh 
Ann Kt’p. l/.S f}tul Suii'ty, 1894 Ua, i» 6**7. I’oi clisui''Sioiis of llie eonsfitntioii of 
monante, sfle Duiiiiinulon J/citr. (Vcfftt. /, 18.''2. 4 , 188, reiihehl, Ainri J .Sa , 18.s2, 
24 , 290, 18.S8, 36 , S-JJ , R-immelslie?^', Zntsch Kmst. Min , 1879, 3 , 101 , Hloni'.tiaiid, 
Iw, eU., and Z' il'«h. Kn/sl Mm., 1887, 6 , I 60 , ISOJ, lO, 3t)7 , Kiess ami Mot/j^ei, ./ .Imer. 
Chem. Soi' , 1909 31 , c)tO , .loliiisUiiie. lo< at 

Iliddon and M.iekmtosh, lor at , (Jeidh, Auier ./. -fit., 1889, [ui ], 38 , 198, see 
Bilao Bull (IS Urol Snnv;/, 1908, No 340 , 286. 

® Bull. V S Geol Hurvey, 1891, No. 74 



THE RA«E EARTH ELEMENTS. 


221 


morphous, but contains less columlnum and nuuo titanium The piesent day 
opinion istliat cuxeiiUcund poheiaM' aie meniheis of an isoinoiphnus -fiirsof 
mixed yttrium metaeolumh.Ue and nirtaf itanate, and the name eu\rnile is 
retained for mixtuies in whuli the ialh»('l»(>^ TiO^ e\ei eds 1 J, while tho 
name pol\ erase is eucn to the otliei.s Kuxeiiite i.s (lininiphniiv. I lie less 
common crystalline foim hein^^ called I'olwaase is likewise di- 

iiioi [ihoiis, the othir iiiodilie.ition heinjr known as I’Jtnn^nttudnit I'liorito 
and blomsliaiidine aie isoiiioi phous miiieials Tims the euveniti' pioiiji of 
niiiieials constitutes an isodniioi jihous senes ' 

Amoiij^ the other laio e<nth niiiK'ials max he mentiom'd 
(’eK,, i/ftmlluont*’,- /d 'al'\ w/YFj , Ce.Oh ir«>K, 

9('al*\ ()((V, \ )l'\ lMLO , ,i iluocai I'oiiate of leiiiiiii and eahium, 

roi(/t/hh\ a lluoeailionate ol ceiiiim and haimm, 'ifi , 

(Uirt/f ife, H 'e(t )l I )( '< ) ,.{Si ( '() jdHI ^ I mf« , La,(('(> ) Sll n 

HuosiIk ate of e(>iium, thoimiii, and caleium , t iUnmniiif* , a nimeial n si'inhlmg 
alhintft , htilyihtc, (( 'eA ),{JsiZi ) ;( 'a , 0 | , htf/tunh(<’^ ff< , and inilitf, 

cumin silicates, fni'/ot/i, /ofe, a Mtiniiu hoio>,ilie!i(i* ; 

Kiirliinihf(\ \ ,Si 0| , , t/tahmft, il A ,^i ,0,. , 

a Nltiiuni and tlioriimi litanalc, (or f/fhntit<niiff’), an i.^niioi plioiis 

inixture of titanile, (\i(Ti,Si and (\ ,Fe,Al) SiO. . hfon-, a coliinih.ite 
of eeiiiini and (.ilciuni, etc . r)(k\(d),(L a xKtiuin 

eoliinih it(', with an i onioi|)hous adinixtiiM* ot xttimni nielalilanato 

Vjt'PiO,) , , \ ( 'ho, hnlmttf and taut d lies <if vtt iiimi . etc. 

The laie c.iith miiiei.ils ha\<' iiianv points of iiiH‘ie>l, whnh e.mnot he 
disc iissdil III this liook •*' It may, however, he menlioiieil that the icsi'Miihes 
of I’oltwood" and Stiiitt" h.ive shown that in LO'iieial the laie eaitli miiHunks 
aio ^oiiudv 7 <i<li(iK> fn < , and that, with the eveeption ol a tew niaiiiimi 
imnei.ds, “.e IK elv anv othcis exhihit moie than a fec'hle ladioaetiv it \ Asa 
rule, theiefoie, the i.iic e.iith minerals aie neh in oeeludnl /nlmm'* Tho 
riiniei ds owe their ladioactivitv to the pK-sr ncr of (lunnnn oi iiiUHHitu or 
both Tilt' almost Mi\aiia)th‘ asscjoiatioii of these clenu nts with the laro 
eaithsean seaicclv Ite foituitous, hut no explaiMtion of ii is xet known In 
some cases the thonuiii or nianiiim is in e\(<»'S and only small amounts of 
lare laillis ,ne pK'vnt, t <f flfotnimfi and /w/'/d/A /cA . m othei e.isrs (he 
reveise holds L'ood, t' u uinna tte liidcc*il, m tlu' ca'^i s of mftii.i/ile and a 
liiimliei of othei mmeials the small amounts of ui.inium pK 'cnt weie over- 
looked 111 aiialvses until with the devilojmient of tin* studv of iadi(»ai’t i vity 
their piohahle presem e was nih-ired 

Historical — (i ) yAc/A/ Ih'^hnu -In I7!)l liie Finnish ehi'inisl (Jaflohii 

isolated .a new eaith oi oxide ftom a hko k minciai (<:ado]mit< ) iound at 
' Sm> Iiii'^c'ci, Vvi Silk skritf'7, Chn fi'finii, Muffi Sniin' hi , N'> 6 , 1 ; 

Ahsh Chnn s^c , 1907, 92 n , SS' , 1 ''/j \-ifiit h I'-t //-I'h, 1910 , 82 , Absit, 

('hem Sill , 1911, 100 , u , 1i'9 

“ T Vugt, f'ciUr .\fni , 1911, ]>. Tr-'J , /alub Mm r*]l, II , a 
' Ifaiispr, /hr , 1<107, 40 , .‘JUS . /filvh ntinn/ f'h'Vi , ISik, (5o ' I'l 

* Jl.'dict, Amu J Sn , 1.S77, [ui j, 14 , HU7 

'' An nitercstnif; and faiiU f"ni|tliU' .ns-ount nf flu* j ikjx 1 le «if tin f iniiiiiiils will 1)0 
fniiiid in L«wy, The /.’nn’ (Ariinlil, 1916) 

® R H lloltwood, Amer ./ Sn , 1901. |k ], 18 , 97 , 190r», [ix ], 20 , 25'! , lOOil, [iv. j, 
21, 416 , 190H, [iv 1, 25 , 209 , I'hil Mwj , I90:., (vi 1, 9 , .Via 

■ Strutt, /Voc AVy Sue., 1904, 73 , 191 ; 1905, A, 76 , 312 , 1907 A, 80 , 56 , 1908, 

A, 80, 572 

• On the occurrence of helium 111 minerals see V^^l i , pt. 11 . 
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Ytterby, near iSLockholm ’ Tina diacovory was couliniied in 1797 by 
Ekeberg,- who showed that (iadolin’a “ earth ” was a nnxture of the then 
recently diMjoveied ^Incina and a new earth to which he gave the name of 
yttria. luom this “yttua” Jlcrzelius and Gahn extracted a little ceria in 
1816 .S 

In 1H04 another Swedish niineial, known as the “heavy stone from 
Bastnaa,” waa e\aniiricd by Berzelius and llisinger in Sweden, and by 
Klaproth in (iurniany. It was found to contain a new earth, which Klaproth ^ 
called oi'hroite^ because it tuiiusl duik yellow when heated. The Swedish 
chemists calle(l it vnia^ i e oxide of cerium, and named the mineral cerite 

In Mosaiidor showed that “coria” was complex, for when ceroiis 

hydroxide was su-spended in potash and treated with excess of chlorine, part 
of it went into solution and the remainder was converted into a citi on-yellow 
higher hydroxide lletuming the name ceiia for the eaiih corresponding to 
the yellow' liydroxido, he named the eaith that had p.issed into solution 
lanthdua oi oxide of lanthanum.**’ Siibse<iuently he found that an 
appio.ximate se[)aral i(»n of laiithana from ceria could be made by extracting 
crud(3 “cerifi’' with 1 per cent nitric acid, the lanthana passing into 
solution. For vaiious icasons, Mosander considered that lanthana was white, 
the blown colom of his jirepaiations being due tofoieign matter, an<l eaily in 
18 B) ho obtained pioof of tins hypothesis, and succeeded in showing that a 
third eaiLli existed in crude “ceiia” This earth, which he found to be 
responsible for tlio blown colour of his ceria and lanthana and for the pale 
amethyst colour ol Ins cerous and lanthanum sails, he named dulyuva or 
oxide of didymium.' Mosander found that the fi actional ciystallisatioii of 
the sulphates was the best method for sepaiating lanthana and didjunia 

The complex nature of “ytliia” w'as suspected hy Selieeioi in 18 IL*'’ and 
proved by Mosander in 18 1, '1 '• By the fiactional precipitation of “ytliinm ” 
salts with ammonia, and with acid potassium oxalate, he resolved “yttiia" 
into three oxides. The most basic oxide, which was present in largest 
amount, he called yttria or oxide of yttrium, of the other two, one, which 
was pink, lie named tfvtna or oxide ot terbium, while the otliei, which 
formed a brown peroxide, he named cihia or oxide of erbium Their 
basicity decreased in the ordei yttiia, eibia, terbia. 

iMosaiider’s eciium, lanthaniini, and yttiium aio to-duy classed among the 
chemical clcmenl.s It is now known, however, that his “didymium,” 
“erlmim,” and “teibium” were complex, in paiticiilar, that his peroxido- 
forming element “eibiuni” contained only a trace of an element capalile of 


^ (iiaduIiM, A' ISven'^ka Vet.-Ak(u1. Jlandl., 1794, p. 137 ; CrelVs Annakn, 179i), i 313. 

^ Kki'bcrg, Ciell's Anuntcn, 1799, ij , 63 , A' Svenska Vet -Akout. llandl., lf<01i, p. 68 . 

" Hmelius and (lahn, Srhwevfqrr'a J , 1816, i 6 , 260, 404. 

* Klapioth, Sitziiugsber A'. Akn<i Il’tM. Jteilm, 1804, p. 166 

® Heizeliuaaml Ilisingor, Grhien's allq J Chem.^ 1804, 2 , 303, 397 , Ann L’him Vhys , 
1804, 50 , 245 ; buo also Vauquehn, xhul , 1804, 50 , 140. 

® The discovrry was aiiiiouiicod by Beizflius. Sro t'ompt, rend., 1839, 8 , 356 , Pogg. 
Annaten, 1839, 46 , 048 , 47 , 207 , Annalen, 1839, 32 , 235 , Phil Mag , 1839, [m ], 14 , 390. 

^ See Annalen, 1842, 44 , 125 , Pogq. Annaten, 1842, 56 , 50,1. l*'or Mobander’s own 
acoouiit of Ins woik see Mosander, Phil Maq., 1843, [111.], 23 , 241 ; Ann Cfanx Phys., 
1844, [lii.], XX, 464 ; Pogg. Annalen, 1848, 60 , 297 , Annalen, 1843, 48 , 210. For the 
early methods employed in the separation of the salts of cerium, lantlianum, and did>mium, 
see Mosander, Ux cU ; Marignac, Ann. Ghim. Phys , 1849, [111.], 27 , 209 , Watts, Quart, 
J. Chem. Soc., 1850, 2, 140. 

* Si'hcerer, Pogg. Annalen, 1842, 56 , 479. 

’ Mosander, loc. cit. 
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forming a peioxicJo by tlie jgnitiou of its li}dio\i(Ie, nitiale, or oxaliito. 
Moroo\ei Ins yttiui wus by no means pure 

Jn li?r)7, slioitly aflei the in\(‘iitii)ii of tlie si)eetioscoj)e, (Il.iilstono 
observed the absorption spoctium of “did}iimmi, ’ * and in IN<)L> llahr 
di8C0\eit‘d tho absorption spcelinni of “ teibiuin The a[iplieiilion of 
the spectroscope to the invest ig.ition of the laie eaitlis was » xlended by 
Delafont.iine and otliers Meanwlnle, doubt w.is east on the evistenn* of 
Mosander’a “eibium." Jn ISDO lieilni inlioduee<l his elassu- method for 
the fMctionation of the gadohnitc e.iiths, nainel\, the jcutial d< eom|)osition 
of the nitiates by he.it ' Jle failed to obtain ilie peioMde-foimmir eaith, 
and unfoitunivtely gave the n.ime of “eibia’’ to Mosmdei’s pink e.iith 
“ terbia ” This imoriect designation lias been adopted by all subseipu'iit 
w 01 kers. 

The results obt.iined by lieiliii woie (onhiiiu'd bv Hahi aiul IhinsiMi in 
IHfiG. and by (Mcmi* and Hoirlund in IS7J. Aeeoidiug to those (heinists, 
Alosanders “peio.vide of eibiurn” was leally a tiaee of peioxide of “didy- 
ininni"^ The cvistenoe of Mosandei's “eibimn," howexei, was Mgoiously 
upheld by 1 telafontaine/’ 

In 187.‘1 the raie e;uth mineral was found in consideiable 

quantity in a miea mine .situated in Milehell County, Noith (’.iiolina In 
1877 compaMtively huge amounts of this mineial beeanie availabh*/’’ and 
the ehemistix of the laie e.iiths euteied upon a new jihase Almost the 
first icsult of th(* study of the sam.uskite <‘ailhs was the detmite establish- 
ment, by Del.iloiitaiiie,' of the existiuiee of Mosaialers “eibia,” whu'h ho 
was oblig(‘(l to naiame “ teibi.i ” as the n.ime “eibia” was bj that time in 
(onimoii use for Mos.mdei’s “teibia” Almost simultaneously, Maiignac 
showj^ eonelusively the oeeuiioriei* of Mos.indei’s ‘•erbia”ni the gadolnnte 
earths'* The cMsleiiee oi the pieseiit d.iy tei bi.i was thus plac«‘d beyond 
(piestion , Its isolation in a st.ite of jjuiity, liowi'vei, was not aeeomjilished 
until nearly tliiily }ears latei '' 

Whilst eiigiL'ed III the analyMis of sam.tiskite, l.awieiiee .'smith obseived 
indications of the existence of a new raie earth, ami «*aily iii 1878 lie 
announced tlu‘ disi'oxery of mosandrum, a new lan* eaith I'lement 
resembliiiL^ the elementH of the cerite eai ths The discoxer\ w.is aiheisely 
CTitieisecl bv Del.ifont.iine and Mangn.ie, who iclmhIisI “ mos.mdr urn ” as 
ideiitie.il with then “tcibiiim,”^- and at no time was the existence of 
“ mosandi mil ” geiieially admitted Eight yo.iis aftei the announcement of 


’ iMuIstonc, Qwnt J a, nil. Soc , IH.'i.S, lO, ‘.'1^, 1P60, ll, 

“ 'I'hisfcut isnlirii’ij t(j in imimicfouh chI} jmjmis A|i|)aii nth, no «h*s( iiption of the 
siicctrnin w.i«, inihlislipil |>y IJahi until 18«;6 ^tilii and Ruiinin, Aniuihn, 137, 1). 

• IJcilin, FurkamU shiml Xn/ Ajnb , IdoO, p liS. 

‘ liiilii ami Ihinscn, Annnlcn, 1800, 137 , 1 , CIcm and llo^diind Hull isor chiin , 1H72, 
[11 ]. 18, IIM, J.S9. 

" Dclafuntaim', Arch, Sn. phyt. nut , 1861, 21, 97 , I86r*, 22, 30 , 1860, 25, lO.'i , 1874, 
5I1 ts 

• Sre Lawrence .Smith, Avur J. .Sn , ]H77, |]ii 1, 13, 3r.O. 

’ DcIafuiiLuiif, ^0/1 Sn phys 7fa^ , 1.S77, 59, 176 , 187H, 6l 273 Ann Chnn. Thys., 
1878, [v ], 14, 2 IS 

® Malignin', Arch Sn /ihyi. nal , 1878, 61, 283 , Ann ( him I'hys , 1878, t' ], 14, 247. 

• Uihain, t'innpt. rein/ , lyO.'J, 141 fi21. 

L. Smith, Amtr. J. .vi , 1877, fiii ], 13, 359 

L. .Smith, f'ompl. rend., 1878, 87, 116, 118, 831 , 1879, 89, 480, Amer Chnn J., 
1883, 5. 44, 73 

** Delafoiitauic, Compt rend , 1878, 87, 600 ; Muiignac, ibid., 1878, 87, 281, 
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ith discovery, Lccofjde lioislaiidian ^ showed the cornpleMty of “ njosandnim,” 
and from his ic.siilts it can now he stated that in addition to toihinm there 
were piesent rlifiyminm fa trace), sainarium, dysprosium, and probably 
gadolinium in the socalhsl element 

Shoilly after the announcement of the discovery of “ niosandrum," 
Dulafonl.ime elaimefl to lia\e isolated a new eaith of the yttiiuin group, 
whicli Im n.imeil oxide of phillipium “ The history of this so called element 
may be eonxeuK’iitly nixen .it tins point, as sul)s<‘(|ueiit woik has sliown 
“philli[)ium ’’ to ha\(* br-en nothing but a complicated mixture The salts of 
“philhpiiim” well' s.iid to })e chaiacteiised by an absoiplion b.and At490, an 
unfoi lunate niethof] of describing the element, since eibiiim salts have an 
absoiption baritl in the same position. Soret, who pointed this out, w.is 
inclmerl lo leu'aid “ jrhillipnirn as nlentical with .an element X winch he 
had char.ieteiised just lucMously by a particiilai absorption spcctium.'* 
J)clafon(aine at (list admitted the possibility that ‘‘phillipium *' W'as complev, 
though he thoiiehl it unlikely, but, almost immediately afterwards, he con- 
cluded that “irhillipnim " h.ul no absrirption .sixs'tr uni, altiibiiting the baud 
AU!)() and otlieis lie had obser\ed to the presence of a little {>f Soret s X as 
an imtmiilv * In ISS’J, liow(*\er, lloscoe showed tli.it “phillipium” was only 
a niixtiiK' of >ltiium and the “toibium” of that peiiorl, and Ins conclusions 
wore siijipoi ted by Ciookes '• The later woik of I'lbain '* has continned tho 
view that “ jiliillipiuui ’ was oulv a iiiixtuie, though Del.ifonlanie .isserted its 
elementarv ch.iiaetei as late as 1S‘>7 ^ 

Fiom tills point in tlie liistmy it is peihaps dealer to <le.il sepal atidy with 
the ceiite and gadolinili' e.iiths 

(ii ) I'hf - Vlxmt the same tune tliat he .lunomieed 

the <liseo\ei \ of “ phillipnuu,'’ Ihdafontame sl.ileil tliat lu exa^v'niing 
‘‘di<l\ mia ” estiacted fiorii s.imaiskite, lie ii.id isol.ited a new cailh, oxide of 
decipilim, cliai.ietei ised b\ two b.uuls in its absoiption specliuin at Al ICO 
aiulAlTSO The year following, Leco<| de Hoisbaudian isolated a nmv eaith 
from samarskiti' “ ilidYiina,” and called it . mmyKt or oxide of samarium''' 
The liand A 11 (50 was .ilso [uesent in the spectimn of tins element, and 
Hamaiium would tlieiefore appear to Ire more jiropeilx callisl dceipium but 
for the fact tliat, a year oi two latei, Ilelafontame dcciaiisl his “decipin" 
to be a mixtuio of two oaitlis, one being samaria and tin* otliei an e.iitli tho 
salts of whieh gaxc no absoiption speclia lie reseixed the nann* oxide of 
dcci|)ium for this second cartii. It is almost certain that this is to be 
identified with tlic c.uth Y., disooveicd in the nie.intiine b\ Maiign.ae 
Ddafirnliiine’s designation for the earth innsl theiefoiegne way to Maiigiiac’s, 
and so the name “decifriuin ” disappears fiom tho list of laio cailh metals 


^ L»>o«m| dp 1101^.11111x111111, Compt Tend , 188l), I 02 , 817. 

- Dplrtfonlttiiip, Anh. S(i phyi nat , 187.*', 6 i, 273 , Ct>ni/>t trnd , 1878, 87 , 559 
S<ni’t'.s rlenicut X is discussed ].npi (p. 226) 

* Siuot. Cni/ipt 7i'iid , 1879, 89 , 621, Dolafuntsinc, ibiif , 1880, 90 , 221 , Arch Sti. 
pJnjs. nat , 1880 , [m ], 3, ‘J46 , c/. Clcxe, tend , 1879, ^ 7e8 

llcscop, 7'r«?i.v. Chnn XV , 18.82, 4X, 277 ; Crookes, Phil. Tram , 1882, 174, 910. 

•* Uihniii, Ann ('him Phys., 1900, 19 , 1S4. 

Dtlrtfoiitaiiie, Chrm Ji'fV'i, 1897, 75 , 229 

I »i'lufoiitttinc, Compt. rend., 1878, 87 , 632; 1880, 90 , 221, Arch Sci phys. nat, 
1880, [in ] 3 , 250 

” Lecoii de Boisbaudran, Conipt inul , 1879, 88 . 322, 89 , 212 , cf Delofontaiue, /tre. 
eit , and Coinpf. rend., 1878, 87 , 634 , .Sorct, ibid., 1879, 88 , 422 
DelafonUine, Compt, rend , 1881, 93 , 63. 
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The discovery of bAmainiui was coiiHiiiu'd by a ininilxT of choniibtb, and 
m IHS.*} C]e\c {)ic|urcil iiuiiicroub bainaiiuin salts and dolciiiiiiu'd tiie atomic 
wei^dit of bauiariniii.' 

In 1SS5 Auer von Welsbacli made the reinaikalile disooveiy that 
“di<l\nmim,'' even when freed from ** samaiiuin,’ was eomj>I«‘\, lu'in«j: » 
miMure of two elements which he named praseodymium and neodymium 
The salts of tliebotwo elements weie found to diller stnivinnh in eoloiii, lteinj( 
gieen and lose- led iesj)eeli\elv 

In Leeuij de lioishandian di'vcoverod that Clexe’s “hanmiia” was 

com[)leY, ' and that when fractionatcal with ammoniM, the lcii2>t liasie fiaetions 
dilleied from tlie otliers in two wa}s {i ) their sp.uk sprcLia contained Lhieo 
new lines in the blue, Alf)'.!.'! hdii^ the most conspicuoub, and (ii ) a now 
liaiid Al)l lO-dJl'n ajipcared Ml then “.spe<‘ties de itaneistanent ” The now 
spaik lines lie .ilinliiitcd to an element whah pio\ isionally called Z,, and 
the hand he sniiilail\ attiihiiled to an elenii nt i xptessin^ no opinion as 
to the iilentit> or otiu-iwise of Z, and In he showed I hat Z^* was 

cl(*s('ly eoiiiiected with an »•!( ineiit S3, the existence of whieli hail been 
pteMoiislx iissiiiiK d li} (hooke.s to ae*oiiiit loi the ainan.ilons l>and " 
eiKoiinleied 111 tlie e.ilhodie jthospliou seem e spc, tia of the line eaitns'* 
The [iicsenee of a sinaii .anioiint of a mw eirth mi “s.uii.um’ wu.s tnithei 
pioM'd 1)\ DeJiiiin^in in l»(niai<^i\ « h.u.ieh mm <| his m w eaith l)\ it.s 

iiltMMoli't spaik .spKiinm, whith w.isheiy hensil i\e, and pro\ isioiialh c.dled 
till' new t.iie e.irlh eh nieiil X ' In lIMitl he shownl tint Z„ Z^, and weio 
piehahh ident K .il, .1 eon* liisioii h«> ( onlii im *1 111 I'hll.wlieii he isolated the 
oxide of ^ 111 a iic.uIn pint' st itc Ih then cst ihlishc*! the l.n t tint is 
idenlu.il with ( ’pioki ,s’ .S , ,ind ealh d tin « lenient Cliropilllll " 

Mill '/7e Tt'ifnuin <iuil ] ffmnn In I M n ijn.'n li.iehonated 

the .^(loliiiile e.iiths," ami .Siii*t ex.iiiiim*! the “eihi.i 11. u turns .speetio- 
seopu all\ " As tlie lesiiK oi his tihsc) \.it loiis >oi • ( loncluih <1 tliat “eiliia” 
wasiompKx lies. 1 \ Mill the n.inie of ( I hnim toi th.it laie eai ih eh imait the 
salts o| wliK h lmim iis( to tin* niMst ch.u.n t* rstie ahsoiptum hands of the old 
eihiiiin s[M'(tiiim, .'sont desii^natid l>y X a new element, salts i»f wliicli 
exhihit a I h.ii.K leiistii .ihsoiptioii spectrum of some tui 01 mote l».indM, 
ji.iitu‘nl.ii h AtlhU and A'l.Jl!.'] Ih .dso ohM-nul tli.it a luiml, AtiJ^-lO, 
will* li did not foim paitof the .spei ti iim oi \, ilul not .ippcar to belong to 
the eihiiim speetrnm ('itliei 

I’liisiinig the fiai tionation of ‘S rhi.i h\ lliiiins nnthod, Maiignac in 
1 made the sill pi isiiii; diseoMi\ that the li .isl hasio Jioilion of “eihlll" 
consisted of a new, imlouiless i-.iith of mix hmh elieimcal e«|iji\alent This 
new eaith lie e.illed oxide of ytterbium . ' its sp.irk s})ectium was inapjied by 
Lecot| de Hoishaudran 

' ClcTc, trill/ , 1.SS3, 97 , LM. 

Aim xfiii Monat<th , 6, 177 , ihi-> 18^4, 5. 1 As a matter 

of tact, x"M \\ chli.i' )i ])ro])osr>(l tin iiiiik'-. praseodidyniiuin uml neodidymium, hut the 
slioilci 11 ini' > ^o^cll 111 tin- text an I'ciitiallx <'iii|i|r>\( d 

' lie IJi.ishaiiihaii, Corntil nmi , isyii, 114 , 575, ISti'h 116 , Ull, 671 
‘ 'I lie W' rk nf (no'ikcT IS disciisst J latci (]» iitll) 

® I)ciii,iii,.i}, f’om/it nnd , 1896, 122, 7JS , ,f ,hi,l , 1886, I02, 1,':>1 , ISU'l. 117, 163, 

« D' iiiir'.a3, ihi'/ , 1900, 130, 1 169 . 1901, 132. 

’ M nii'ii.ic. Arih Sn jihy^. ml , 1878, 61, U83 . Inn Chun P/uft , 187-, [x ), 14, 247. 

'* hmet, Atrh Sn jifuis nut , I'T-'', 63 . 89 , t'umjtt uml , I.*<7H 86 , ln'i2 
'* M.iiu'iiac Auh .s< I }ilins nut , ls 7 s^ ( 5 ^^ y? ^ O'wi// umt , 1S78, 87 , &78 , sco albo 
DcUfniitiini t'limpt u mf , 187.8 87 , 933 

Lecoq de Bui&baudrau, Compt, tend., 1879, 88, 1342 
VOL. IV. 
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In the following year Nilson,^ who liiifl prepared largo quantities of 
^‘eibia,” r(3[)eatod and confirmed Marignac’s w'urk, but, in arldition, he 
isolated still another earth from “erbia.” It was colouilo'^s and less basic 
than yttcibia, and received the name of acandin oi oxnIe of scandium.^ 
The same year (Jlcvo ^ fractionated “ orl'ia ” freed from scandia and “ ytterbia,” 
using Berlin’s method, and from the results of Tlialen’s spectroscopic study 
of the I'ractjons, concluded that “erbia’’ was composed of three earths, 
which he called the o\ides of holmium, erbiuill, and thulium in descend- 
ing Older of basicity Each eaith was characterised by the absoiption 
spechum of its salts, and Soret and Clove quickly noted that holmmm and 
ISoret’s X were identical, and that thulium was resjamsible foi the somewhat 
anomalous band AfJHlO in the spectrum of old “cibiiim ’ ‘ 

The elemental \ nature of “holmium” w'as disproved in IHSG by Leco<i 
do Boisbaudran, who showed that its absoijitioii spcctium chai.icteiised not 
one, but two elements UescrMiig the name of holmium for the element 
giMiig use to the chaiaetcristic bands XGlOt and Ah.'lG.'l of Sou'Ls X, bo 
called tlio oilier element, which was defined by the abscMption bands A7530 
and Alblf), dysprosium.*' 

It has bei'ii .dieady inontioncd (p. 223) that Mangnac confirmed tlie 
presence of “teibia" m the yttrium earths from gadolmite “Teibia” is 
more abundant m saiiiarskite than in gadoliiiite, and in 1<^<'^0 M.iiignac 
fractionated the sam.iislviLe eaitbs by humus of the double potassium siilpliates 
Ho found that “torbia” in sainaiskile is aceompanu'd bv two new eaiths, 
winch in pi()[) 0 ities appioacbed the eento lathei than the catlolimle (‘iiiLhs 
The two new' elc'inents lio pnnisionally named Ya <^»d Yft it was eoiisideied 
highly probable by Maiignae himself that was identieal witli Lecoij do 
Boisbaudian s samaiium, diseoveied in the pieeedmg Neai,and this opinion 
was conliiiiied by Soiet ^ Tiie. fact tii.it Y/i was .i new element w.is eowhimed 
by lu'eoij de Boisbaudran, and in It^SG M.irignac ii.imeil it gadolinium.'' 
Siibseiiiieiitly, Lecoq de Boisbaudran found that Mangnac s “gailolima ' eon- 
t.iined about 10 p(M eeiit of impurities, pin died the mater i.il, and deter minotl 
the atomic weight ,iud sjiaik speetrum of LMdolmium '* 

By the year 1^'SG, tlieu, Mosandei’s vttnum, eihium, and Imbiiim had 
given place to the following list of eleaiieiits Yttrium, g.idolmiiim, terbium, 
dyspiosium, holmium, erbium, fliulium, Uteibiiim, .ind sc.indium Tu 
addition to these elenu'nts, three other jnoMMonal elements, Za, Z^, and 
Z-y, bad been announced by rjeco([ do Boisb.uuliari as l>ciiig pieseiit in 
“terbia, " and the nature of “m(»sandnim,” “ileeipiuni,” and “ pliillipium ” 
was still Ml doubt. Moieo\cr, in 1886, Ciookes propoundeil his celeluated 
theory of meta-elcmentS as an inteipretatiou of the results of se\eral years 


^ Nilsou, Compt lend , 187H, 88, , /)V;., 1879, 12, 

" Sf«' flKlpti'l IX 

Cle\o, lend , 1879, 89, 178 , Chem Xeu\ 1.879, 40, IS"). 

* SoM't, ('umpt 7cjid., 1879, 89, 521 , Cle\e, ibid , 1.879, 89, 7e8 , Lmnj dp IJi»is»l).iU(Jraii, 
ibid., 1879, 89, 516 

® LociMl lie Boi'ibaudian, Coni}>t tend , 1880, 102, 1008, 100.5. 

* Maiigaur, Aieh Set phns nnt , 1880, [in], 3, 418, ( omjpf rtnd., 1880, 90, 899; 
Ann. Chm Vhun., 1880, [v |, 20. 535 

’ Sont, Cmiipt tend , ISSC, 91, 378 , Ank »8Vi ph’S. nnt , 1.8.>0, |mi |. 4, ‘JOl. 

" Ainiouiicpd by Locoq do Boi.sbaudian to tiu* tiau’li .\cadciii} , (’.mipt tcihl , 1886, Z02, 

02 . 

Lpcihi de BoisUudran, ibtd , 1889, 108, 165 ; 1890, III, 393, 409, 472. 

See \). 227. 
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of research on the catliodic pliosphorcscL'iico spectra of the rare earths.^ At 
that tunc, thcrefoii*, tlie elieiuibtry of the larc earth i‘loments appeared to be 
of the moat ainii/iii}; coiiiplevity, and the coiifuiiiou was nienM.scd when in 
1887 Knibaand NiK»)ii put forward a “one band -one element theory of tlio 
absorption apectia of the i.iie eaith^ - 

At the present time tlic choimstiy of the rare earths is in a miieh more 
satisfactoiy state The theoiies of (’lookes and of Kiuss and Xilson have 
been al>andoned, and (piite a niimher of i.iie eaitha wliieh in ISSd weio only 
lecoj^nised as distniel liotlies fioin sjurtioscopie obvi\ali(»ns h.i\(' now been 
isolated in a state of purity Thus, pure gadolmia and U‘il)ia wen' isolated 
m 190.") by Urbaiii,” and tlio isolation of pure dyspiosi.i was t'tleciid l»y tiio 
same chemist in 1906' Piaetieall} pure holmia was isolated in 1911 by 
llolmborg,^ and thiilui by Jameh in the sum* year '' Ihiie i*rbia, howeviT, has 
not yet been piepared, thougli maily pure j)iopaiulioii.s lia\e lurn ohjauied 
by Cibaiii, James, and K A Hofmann, lastly, “Uteibia ' has ]ii(t\t'd to bo 
complex 

Tlie complexity ^)f “ _\ tteihi.i ' was discoNcied indcpeiideiill\ by Auer \on 
Welsbacli and I ibam The loimci tlumist annouiiectl bis dis» y in 1905, 
and teiiiK’d tlie oonipoiiciil elements of “ytteibium” aldebaranium mil 
cassiopeium. The latter, who HI 1907 published pieliiiiinaiy mtasiiie 
meiils of atomic weights and speetia, naiiu'd the iompom*iit elements 
neoytterbium and lutecium.' The International t’ommittee on Atomic 
Weights h.is adopted the’ lunnes yttahnon .ind iespc( li\(*h 

fn 1911 I'l .iimoum ed that the IiiLtunm obtaiix'd fiom gidoliinle is 
ac('omp<inie<l hy <i '. hmH amount of still anotliei laii eailh elem< nl, which he 
named celtium 

'File picMoiisU mentioned elements Z,„ and Z^ wnt* discovered 
spcoi”#.seopi( .div ]>} la'eoi| de Hoishaudian Z* was ehaia< tensed b\ tlie bands 
A57.'10 an<l A 176.5, and by the bands A6‘J<)o. A."s''.oS, A51.51?, anrl Al-''70 in its 
“spectre dr n'lnersenioiiL " Zy wiLsdelmed 1»\ the iinrs A.")<'<').’», A.57.')0, A57O0, 
A.5 l' 69, and AoJ.")!! jii its sjiark speetium In 1886 beeoq de I’oisbandian 
also conelndcd that a fouith unknown element, Z?, w.'is piesent in “leihia” 
and eliaiaetei ised it h\ the absoiption hand A1880, hut this <leduelioii was 
not publislu'd until 1895 " 

In 1900 l)emar(^ay'' announced four more “spectroscopic” elementH, 


' Sfp l.iter, j) 29.'*. 

- .Sfi- lutor, ]i 2 h 7 . 

’ IJilmin, t'ompl iftid., 1905, i<| 0 , .'»hJ 'iM , 1905, 141 621 ^'1 !•; 

* I'rlMiii, ihid , IS'OO, 142 , 7H’' 

*' iitjliiiboig, Arkxv Krill Mm fi>"l , 1911, 4 , Noh. 2 ami 10 
® f.iiH 6 H, ,7 Ainer. ('hrm .Vef., 1911, 33 13.12 

"Aui'rvon Welbbivcli, A' Ahid IVm /riof, 1905, Ne 1‘) /um/Zew, 1907, 

351 , 164, Mimitlsh , 19<<d, 27 . 9 15, 1908, 29 , 181, ,S<(zuii't,d>it A .//.<./ /ris. 

1906, IIS, II. b, 737 , 1907, 116 , II H, 1426; Urbain, Cumpt rrmi , 1907, 145 , 769. 
See also Urbaiii, Chem Znt , 1908, 32 , 7.30 , Znt'trh aiiorg Chnn , 1910, 68 , 232 , Auer 
V(Mi NVelsbacli, Sitzungsber. K. Akad M’lm, 1909, 118 , II. B, 507 , Monatah , 

1909, 30 , 1)95 , Wenzel, Ztdirh niu'iij. (’hem , 1909, 64 , 119 
" I'rbaiii, Gompf. rend , 1911, 152 , 141. 

'' L*‘<’<)<] dc Uoisbaudran, Cmnpt. mid., 1885, lOO, 6437 , lOl, 5.52, 688 , 102 39.5, 

4SS, 899, 153C, 103 , 113, 627, 1887, 105 , 258, 301, 341, 784, 1890, no, 21 , o7 , III, 
474 , 1893, 116 , 611. 

Lccoq de Boisbtudnn, Compt r^nd , 1886, 102 , 153. 

" r.ecoq dr Buiebsudran, Compt. rend.^ 1895, I 2 X, 7o8 
** DeuiBr 9 ay, Com]^. rend., 1900, 13 I, 387. 
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P, A, O, and *, each being ch.iraoteri«;d by its iiltranolet spark spectrum. 
Acconliiig to J)cinan;iiy, 1’ was possibly identical with tine terbium, A was 
probably / n (dcliiied by the lines .1967 9 .and 3930 9) canio between 
holimum and orbiniii in hi.s factions, and 0 (defincHl by the linos 4008 2 and 
jyu() .;) bclwuoii eilmihi and 3 ttc!lmnn. 

a.u/(i '/‘r Zj, r, A, n, and©, only two, namely n 
and (), still await isolation or idcnlilicalioii with other elements, for Uibain 
has idiowi, eoneliisivelv that 7.^ 7,^ and r are identical with terbium,' and 
inal /«„, Zy, und aie idontioal \\ith dvspiosnnn 

(iv ) ,S'a«i»mr,/._The histoiy of the discovery of the elements of the laic 
Cdiths IS biMiiinai isL'il m tlie accompanying tahlc . ® 
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1801 j Cciium 
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Zy 
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ir 

z, 
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Mutc'iiul in 
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I 

, Vllcibiu 
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I Liuiciiop Smilh 
! Dcl.iloiitaiiio 
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iS-IICl 

Nllsull 

Lcciii] (le Boibluinliaii 
Clcvc 

J Maiignnc 
Auer von Wclsbach 
j IjCc '04 do Boisbaudran 


('ailed tibiiim fiom i 
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^ Samaiia 
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monn/ite 


Ciooki's 

Krii&s and Nilson 
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Howland 

Doiiiai^’a} 

liaiiuiu 

' Kostnanii 

I 


I 

I Isolated 111 I'Ml 

I Named g.idoliiiiuni in 

j 1 b.s6 

[ 

Dyspiosiiim 

Tcibium 

, l)}spiosnim 
I Teibmm 

■ Isolated in 19U(» 

S( e j> 295 

; Sei J) 2S7 
Kniopiuni 

■ I)}sj»iosimn Soo |» 

430 

Eiuiipium Isolated 
in l‘i00 

A mix LIU I* Seep .303 


J. ('him i>hy5., 1906, 4 , 334 ; Lccoq dc 


‘ Uibaiii, 7 end , 1905, Z 41 , 521 , 

Boibbaudi'an, Comyt icud , 1904, 139 , 1015 ' 

• See Baskeiville, Chem, News, 1904, 89 , 160 ^ 
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THK WWiE K\KTII MKTM.S 


Prcpardtion I**’'' <>f tlH> lan iii«‘l,«K hriNr hcni iNoIatrd in ii 

stall (»i [mills 'I'Im' IdllnwiHL; im*tln'(l‘' Insc )m < ii U'^hI — 

(i ) h’o/iii hall of iht nii/uftlmn.s ihloiuit> l»\ liialiii;.' il with sixlnim or 
jxit.isMijin - Mc'-l cvix 1 iiiK nli’is li.iM I'Uiiid it siis dill mil to obtain oven 
a iiiodi'iati' sii'Idol iiict.i) li\ thi'. pionss '1 1 m‘ im ( il is sois liaMi* to l)0 
produced in a laiL^e miiiiltu ol Inn* iilolmli-s, dillu idl to h'iiiom* imni tlio 
alkali (‘liloiidr jiiodiicid fuitluo, tiio lui'l.ii is li.d'lc to ('ontain sodinin or 
potassiiiiii 

(ii ) /{'n/iofion of fJo auhr/ili oit^ fJtfo) oh bs jic.iliiii: it with cab mill or 
alimiiniimi d'liis method dots not .l]•|M,ll to hase fiiniished the [miiMiietalM, 
Imtceiiiiiii ealeiiiiii and eeiiuiii aluinmiiim alios s has<‘ bi eii thus obtained.* 
(ill) Ilt'ihii tmn of thf <n ((It b\ ht.iliiii: it ssith iiia;.Miesium,‘ aliiii'iniiilii,® 
('alciiiiii, caibon, ot silicon" I’liie laieiaith nutidshase not. })een olitained 
by any of those means Whm m.toin snnn, alnminiiim, oi labiiim is eni- 
plo}ed, alios s aie iisiialls obtaim d while ssith aliimiiiinin tiiei(‘ is esidcnce 
of the [iiodiietioii of siibosidos of tlu* i.m eaitii elemints When lediietioiiH 


’ hdll, ./ /ice-^ I'hus f'hrm SoC , 1 ''Sl7, 29, ‘‘■'Oa 

- Mosaiidi'i, I'uwf Aiiiiafni, II, 10*i , 18.V», 46, iiiS, 47 207. ISl.'l, 56, fiOd ; 

Annul. n, 1S.J9, 32, ■J'Jf. , IMt, 48, 210. I'hil Va/., l.‘<43, 23, 2t] f(V, b.i, '‘Di”); 
UrMiiyci, Annalni, 1812, 42, 134 (< e) , lUT7c]niH, L.lirf/ii/'h vc] j,. 4 ]C, ^ Wcdilcr, 
/\)c /7 Annulen, ]s‘J8, 13, t>80iY,'. Anriulen, JXiiT, 144, 251 'Cco, innnffn, 1864, 

I3I1 (^ ) ■ Ann. (hi /a /’hyo , Iftf'S, fni ), 38, 14H (‘ lO’), (lose anil 

UdolmuJ. null .S.H ,lntn , 1873, In ], 18, 11*3 i\ ), t'lcs.-, ihu/ , 1874, [11 1. 21, 311 (Y); 
Matinnon, Ann Chun 1''06, Ism |, 8, 282 (^(J) ; lluiiter, Kvfhfh /nfei ('ong Apj4. 

Chfm , 1912, 2, 125 (Xd) 

‘ Moldi iihaucir, CA# m 1/ , 191 1, 38 117 • 

‘ Wiiiklpi, Bn , 18'eO, 23, 772, 18'*]. 24, 873 (La, Y, (V;, MatiKiicm, (\unpt irarf , 
1900, 131, 837. 

® Alatij;iioii, loc ci! , Scliiircr, 7nc/i/c/i//flf />iS4f/Mica< (Alnnrlan, Terli IL cli*( Inile) j 
Moldeiibuuer, loc cU. , llirscli, J. Ind. Enn Chrtn 1011, 3, 880, 1912, 4, G5 , Tiunn, 
Amei. Kle.troihem , 1911, 20, 57. 

* Birttch, loc. cit. 
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with oaibon or siliroii aro rarripfl out, the pioductM are carbidps and silicidea 
ot tlie rare earth eleinentH 

(iv.) Electro! jfSi'i of the molten, anJu/dr'om chlornhs, with or without the 
addition of ttic clilorulcs of sodium, potashiuin, calnuin, or bariiiin * The 
chloride may h(‘ melted in an iron crueildc and elect? oUsed, using carbon 
electrodes In carrying out the piocess, by means of winch consideiablc 
quantities of the raie earth met<ils of the ceiiiim gioiq) have been obtained, 
numerous juMotical dillieulties aiisc, so that it is not iiossible usolully to 
abstract tlie di'sciiption of the experimental pioccdure The leader is there- 
fore referred to the oiiginal memoirs of Ilirsch and of Muthmann and his 
CO work CIS ‘ 

(v ) Elofroli/sis (if the molten ihunulc, or bcttei, a solution of the oxide 
in the tluonde ^ Aci-oiding to Muthmann and Scheidmandc], this [irocess is 
superior to tlie previous method, but Jlirsch holds the opposite view 

The raio eaitli metals obtained by elcctrolxsis may be purified by melting 
them muh'i’ a la\('r of barium chloride in a magnesia crucible 

Properties ^ -Tho rare eaith elements are lustrous metals Lanthanum 
has the wlnteness of tin, cerium that of iron , neodymium has a yellow' tinge, 
and })iaseodymiuni is decide<lly yellow , aainanum is pale grey in colour 
With tho exception of lauthanum, tln'v retain then lustre in diy air When 
compared with h'ad, tin, and /me, the oidm of incieasing baldness is as 
follows I*b, Sn, La, Zn, \d, l*i, Srn. (’oiium can easily be cut with a 
knifo , samarium is .is haid as steel Tlie densities and melting-points aie 
given by Muthmann and Weiss as follows — 

Li, Co 1*1 i\d. Rill. 

Melting-point, "(1 RKL G'J.r 910“ 810" 

Density at Lh)- V 6 1 55 7 0t2 6'475 G*956 7 8 

Iliisch gi\os the xaliies 665' and 6 92 (at 25”) for coriiiin. 

The laro eaith metals bum in air or oxygen veiy readily, with tho 
ovolutioii of much heat and light (p 257) (Vrium, for example, begins to 
bum at ItlO’ in air They also combine with hydrogen, nitrogen, chlorine, 
and bromine when hi'iitcil in those gases, and react with iodine, sulphur, 
phosphoius, etc Thc\ aii', in fact, highlv icactive elements. Jn dilute 
inineial acids thex rcailily dissohe, and, except with nitiie acid, hydrogen is 
evolved 'riii’y arc also attacked by watci, very slow'ly at ordinaiT temj)era- 
tiires, but more lapidly at 100 

Nuuieious ceriuiu allox s and a few alloys of the other laie earth metals 
have been prepared : one of these may bo mentioned here, vi/. the alloy 
known as mischmetall. Owing to the huge amount of heat evolved when 
any of the lare eaith metals is burnt in air, tlic.se inotaks foim eicidlent 


^ Erk, ZeUsch fur C/irm,, 1S70, fii.], 7, 100, Jahieshrr , 1870, j» 319 (f’p) ; Cleve and 
Hoghind, Hill/ Hoc c/mii , 187.1, lu.], l8, 193, 289 (Y) ; Fiey, Aminlen, 1874, 183, 367 
(Ce) ; and paiticiilaily the following Hillehrand and Nmton, Pof/(f Annalen, 1875, ZU, 
038 ; 156. 4(>Ci (Co, La, Di ”) , Muthmann, IIolci, and Weiss, Annu/en, 1902, 320, 231 
Nd) ; Mu'hmann and Kraft, Aiinnle^, 1902, 325, 261 (Ge, La), Muthmann and Weiss, 
iJnd., ItOl. 331, 1 ((^3, La, Ifd, I'l, Sni) , Hirsch, loe. eit. (Ce) , borchers and Stockem, 
D.RP, No. 17‘2,.')2H. 

■ Full dotaiK will also ho found in Kclleimann, Die Ca ilmrtalle und thre pyiophoren 
Legierungeu (Kiiapii, llalh-, 1912) 

* Muthmann and Schcidinandel, Anmilen, 1907, 355, 116 ; Hirsch, loc. eit, 

* Hillebrand and Nuitun, loc. cit , Muthin.uin and others, loc. ext \ Hirsch, loe. eit. 
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reducing agents for preparing other elements from their oxides. It is obvious 
that a mixture of raie earth metals on Id do equally well for this purpose; 
hence the piep.iration of mi'selimctall, whieh consists essentially of eeiium, 
lanthanum, piaseod} iniiiin, ami neodymium, and is prepared fiom the 
residual s.ilt^ of these metals left o\ci after the tlioiium and Mitlieiont 
cerium ami “ difl} mium '* for the gas mantle industry have been e\tra« ted 
fiotn mona/ile sand Mischmetal] leduces tlieovidisof niimeious elements, 
e tf non, (oli.dt, niekel, manganese, eliiomium, inolybdennm, \anadiuni, 
columlxiiiii, tant.iliim, .silieon, lioion, tin, lead, titanium, and /ireoniiim, 
and has la-en of eoiisideiahle seiviee in the prcpaiation of a nnmlK>r of rare 
olcments ' 

VALKNCV, ATOMK' WKKillTS. AND Cl. VSSIFICATION OF THE 
WWiK KAIITII FI.KMKNTS. 

Theoretical.- Rf^uftu — In l.'sio the rare t'arths laid only 

been se|).iiate«I into "eeiia” and ‘*\ttiia,” ami liei/elius, m eoiistrueting Ins 
first alOmie weitdit table, legiidid \ftiia as YO,, et iia as CeO.„ ami the 
lowei o\id»' (('(‘loiis oxide) as ('cO hi iSl’i’i lie Inst .ulmitled the e\is(. neo 
of sosquiOMdes, and ni the Oiniges iio«*e.ssi(aled ni Ins atomic weights and 
foriiiiihe the IIikm* |)ree<>diiig foiiiiula* were iinohed and hoc'ame YO, C(‘,Og, 
and (VO iespeeti\el\ . 

r*y flu' _\eai ISI'J the laie e.nths had been separated into eeiia, lanthaiia, 
“did\ jina,” Utii.i, “eilna,' ami “ti'ilna e\c« ])t foi the fact that Mosiimler’s 
“eibia” was denied existeme liy \anons ehemist.s, their number leinamed 
iinalfend until 1S7S, and jumi to 1 >^70 f lien foimul.e weie all wiillen ni the 
foiin MO. u’lia being excepted 'I'hese foimulu* weie chosen bi'canse the 
ran* -%itlis wen* strong bases like lime, strontia, ami ban fa, and on (Jirn'lnrH 
h\‘'lem of iiioime weights (the <»no most eomii only adopted) these siibstancos 
were wiitlen (VO, Sift, HaO Ceiia, howexei, was dise o\eietl to be ('<‘,,0^ if 
eeiou', eixiile IS (’('O, and not (V^O.,as ha*l jirexiouslv la'»‘n supjxised , and for 
sonn' xeai^ it was siipjiosed that cena was a compound eif Iwei oxides OeO and 
(\*0, (( 'e O, I'eiug -(’< (’eO.), the oxide ( VO, 1 m nig the one from which ceric 

salts w<*i(' eli'iived TIk' l.ittei a'-sMiiiptioii was not <lilhenlt to make, for pure 
(■(’lie ''alt^i had not been piepaied and aiialxsivl 

'I'he e\olution of the modem system of atomic weights in did not 

aflecL the foimiibe of the cornjxnnids of the lare eaith elements, for the 
neeessaiy expeiimeiital data weie not then axailable Tin* piojiosal tochange 
the aceejited atomic weights ,ind foimiila was made in l.'<70 by Mendeh-eff,* 
who considered that the following foimulie .should replace those that were 
then in use — 

eeria CeO., ; laul liana f.aOj ; yttna Y.,0, 

cerons oxide , didymia IhO^; erbia Fr.^Oj 

Valuable snppoit was .soon forthnaning for Memlelceirs views In 1872 
Clex'e agieed that the terxalennv of >ttrnim and erbium was veiy jirobabie, 
and pointed out tin.' fact that the formulii* of their eompoumls were Ihiil 


1 .S<’o Wi'i-s and Aichi’l, Anivih t. 1904, 337 , 370 

“ Tlir(iii£;h<iut this section, cciic Ci»ni|H.un(Ts arc disicgaidrd, ••xerpt wlim* tlio contrary b 
expiessly St itod 

^ Mend* hVtf, Annnh'n Snjipf , 1872, 8 , 130 , translation in Chrm Aiwi, 1X79, 40 , 231| 
«tc. ; 1S80, 41, 2 , etc. , see abo .MendtlLofl, Jxui .S'ti f / trir'id, IS70 p i\j. 
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simplified. Two yi'ars later, lie definitely accepted the torvalency of yttrium, 
erbium, “didymiiim," and cerium (in tho ceroiis salts), but differed from 
Mondeleeff ni regaidm^^ l.nilhauuiu also as a tiuuP In lf<7f) llillebrarid 
showed tliat tlie specific heats of lanthanum, ccnuui, and ‘“didyniium” were 
in harmony willi (’leve’s \iew,2 and Uaminelsbeig,^ wlio had previously 
objecteil to \Icndeli'(‘frs pioposals,'* accepted those of Oleve. 

Fioni tlial time onwaid llie tei valency of the rare earth elements has 
been <;cn(5rally aei'cpted , occasionally, however, a dissentient voice has been 
heard Thus, (\».ssa ' ari'ued for the })i\aleney, and Winkler*' foi the (piadri- 
valeney of tliese elements Winkler, however, abandoned Ins views after they 
had been cnlieisisl liy Mrauner and it has lemainod for oidy two c}iemi''is 
— WyroubotV, and Ins fn'ijuent collaborator, Verneuil— consistently to uphold 
the l)i\aleiiey of the rare eaith elements® These two French cliemists 
decline to accept the yj/iy.soo/ evidence of specific heats and isomoiphism, the 
latter on faiilvg<iod irioiiiids.'’ and nttmly lejeet any considerations b.csed 
upon the Periodic ( Tissification, which they regaid as a meta})h\sieal con- 
ception. Instead, they demand chrmical proofs, and eonsidei fiom tliat 
point of view that tlu'v can establish a very close ndationshij) between the 
rare eaith elements and the invalent metals Into tlu' n.iture of these 
chcmic.il K'lat Kinships, howevei, it is haidly necessaiy to eiilei, for, whatmer 
value m.iy attaeli to tlii'm, Ibbain has shown that similar relutionslnps mav 
be recalled which connect the rare earth elements at least as well with 
bismuth 

The evidenei' lieaniii: on tho valency of the laie eaith elements will now 
bo eon>ideJe<l in souk* detail 

(\ ) ninf Ptti(\ Lnw -Tlie only specific heal data for the (denieiits 

themselves aie given in the following table — 


Klcmcnt 

Sj ten III* IIiMt 

T«‘ni|) 

Hange 

Combining 

Weight 

Combining Weielil 

Sjtei ilir llc.il 

reiiurn 

0 04tS'' 

0^ loO’ 

46 8 

2 09 -6 4 "J .iiiiiKu 

1 . 

0 o.'.o >- 


46 8 

2 31 6 l/'.3 ,, 

1 

hiinthaniiin 

1 0(1.511 

20’ 100* 

46 8 

2 .‘39 -61 '3 ,, 

1 (inilpo 

O' lOO” ! 

16 3 

1 2 0s_ 6 4 3 

*' I)i Ij iimini" 

j oor.n" 

0 

0 

0 

• 

17 7 

2 18 6 l;.3 „ 


’ rh've imd HogUind, Bull Sor chim,^ 1872, |ii ], l 8 , 193, 2.S9 ; Chop, ihu! ^ 1S7I, 
[ii ], 21 . 19(1, 216, 311 , .John, ihid , 1874, [ii.], 2 i, 5J3. 

- Ililli’lii.ind, Vogij Jnna/t')i, 1876, 158 , 71. 

' KiiimiplsWig, Bt) , 1876, 9 , IfiSO. 

* Kanimolsliorf', Bn , 1873, 6 , 84 See also Delafoiitaiiio, Ai<Ji Sci, phys 7iaf., ]87'1, 
51 , 4:'), ainl iMoiKh'U'Tll, Annnlen, 1873, 168 , 45. 

® Sen I) 234 

« Winkler, Jifr ,1^91, 24 , 873 

^ lliauiiei, /)>/ . 1891, 24 , 1328 , Wmklei, Ber,, 1891, 24 , 1966 

" See miticiilaily AVyioubntr, BnU. Sov Min , 1896, 19 , 219, 190.'i, 28 , 201 , 

Wyroulwff and Verneuil, Bull. Soc, chxm., 1899, fiu ], 21 , 118 , Ann. Chm. I Ini'^ , 1905, 
[viii ], 6 , 465-482. ' 

•• So® \). 235. 

Uibuin, J. Chun, phyi., 1906, 4 , 107. 

” HilIebniiKi, Boqtf. Annalfv, 1876, 158 , 71. 

Mendeleefl, Bull Atad. Sci Pituujiad, 1870, p 445. 

Ilirsch, J. hul Eng. Chem , 1911, 3 , 880, 1912, 4 , 6.5. 
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clcnici'l'r ‘"'HK'ii.y of tho 

Kopps La», al... I„. Tl». .nea.i .spoaho l.oats ta-taa..,' 0' and 

100 of a numlar nt the la.e eai(l,s and Ih.i. aniphat, s ae.e measn.ed 
>v NiKon and letteisM.n, fiom hIiom- in the folloan,!' fiLiuies am 

i.'lKi'll - * ^ 


i'>'ni)i..nn(l 

1 Sj., .Ill,- 

1 11. .It 

n’.M 
II. .1 

Al 0 

1 fi I'-;** 

l'> ’.J 

.Vt-'d 1 

(1 IMii 

.‘‘i 

Ca.O, 1 

1 '» lUn'J 

1‘) ..1 

Y..( ) . 

U ic ‘6 - 

2 ,\ jn 

iiio ! 

0 "''iir 


i''i .( h 

0 i'i!,’.(» 

L'l 7" 

• \ i-.d/' 

(» (If, if, 

U'. t'. 

hi d,' 1 

0 07 I't 

yi 4-' 

“ Diod,” 

0 iislO 

‘27 (.‘J 


I 


1 

‘’-»jni*..iii ,1 ' 

SpM III. 

11. .11 

II. il 

M;>d/, 1 

<» .“'.'■‘fi 

If 1 f.'l 


(• 111 .*1 

i ^2 4 » 

«.i.(Sd, , , 

" 1 tU'l 

ol 0(1 

' tsd, , 

(1 I'llO 

61 (III 

In , 1 

(' I'J'i.j 

6(. 41 

Tij .Sd^ 

(' lot.) 

Id IV 

' \ If ' SI *’ 

0 111 .9 

6'. h 7 

hiL, sop 

0 

66 5ii‘ 

‘ Did.sd^ 

0 11 ‘‘7 

1 ''6 


niif.s 1 

! ()6 .'.{ 

l-t (Sd, . 

0 ' 

' «)») Jl 

(’r .Sdj., 

0I71S ' 

' 67 tl 


Ihe tenalcnet of the laio eaith eloinmls iiK'nlionod in the pneedini; 
a m. IMhusseen lu h,. h.umonv «ilh Kopp's l,a«, »hon alar 

Hrluln'n “'ll’' 'l" "f "•'■'I-'" "I. 

d.,'i “ ■ h.'llinm, indiiini, non. and ai. paiod «ii|, i|„. M,ndar 

dala foi the »f the laie eaith is ' Th. eiidenee, hoaeter 

IH not teiv atioiio ineasnieinenls oi Ihespieihe hialsoi eeions and’ 

di'lds''"'"'" <'"n<lmlid that the lain laith .leinenis aie 

(n ) llenoists ,„eth,«l, as deaeMh..d nt 

sh'mv 'I'l T 'll'''' , aiel Ihe ii stills nhlained 

shmv lha the atonne aemhl of the ,s tlnee times tlie eheinieal 

eijm\,ilfiil III cci iiiiji in i ciou', s.ills • 

(111 ; X-un, Sp,.frn --The \-mv s|Mrt.a of U,,. (.|..nM*nts .-uc (f.scus.cd 
latti 111 tins \oliiiii(. (sec pp .tl 2 , it is slnnwi llial (iii> alormr 

niiinl.nsof the laic eaith elcmailv {Utiinin e\c, pt. rj ) lie h.t\\een those of 
biiriiiiM and t.mt.ilinn .Since, in ^a-neial, the orde, of inei.,isiim atomic 
iinnilMwa i.s the same as that of ineieasme atomic aeiphts, it folloas that the 
atonne aeitdits of the laie eaith elements lie l.elaeen those of haimm and 
taiitaliiiii, a t leai indiealion that the i.ire eaith elements aie li i talent 

(tv) 77/e Uw „t 7wm/i/,/„„„ _ It u'ly fieipienlh Imppens that 
eoriespondmo eomiioiinds of the lare eaith el/'ineids aie isom.iri.hons The 
aefnal eases n. ed not, hoaetei, he eili d heie, as full di lads ale oneii later 


^ JNilv.ii iirid ri'ttorssfiii, Cuinjit rnm , j.ssy^ gi,'2V2; Jin 

'it Tiiiiftlar and VoljHDsk), ,/■ linsf I hn<i ('hem ,Vtif , If/lo 42, tn/ 

It niay l.L leiiiaikfd tliiil th- .itmmc In .its of !||(> ol. rnolits .ilniii’itimi. 
ndulb U-hm tho noimal ..ilnMj 4 Tin- v .Ims fo, v andimi. and ) Itnni 




• « I'l- irillUlfVi'IJ U 

decide fll} liflim the noimal 

4 rv . , - _ . /■ 


.11,1 „,ia, >,11111- ^ lilt- V lints 'OI 

t ' ssft lixfja ^ ('ossa and ZmIiuii, i\dc uifto 
lieiioist and Copaux, Compl. rtnd, 1914, 158, 689 


■t..iiii'iiiiiiM and ^.dhiMii -ire 

vandiimiand}ttnnrii .in* not known. 
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in this chapter, wlieii tiie rare earth salts are described in some detail 
(sec pp 250 -‘JS‘J). 

Tlic coiR'liisioM that rnav he drawn from the prcccdinj^ fact is very 
importaiii. Tkv ruho atomic weight : combining weight the mme 
for all the tare earth element^i, the rotnhmin^r woij^lits beinj' dodiicrrl from the 
compositions of tiio basic oxides. The detciinination of this latio by utilis- 
ing till' law of isomoTphism cannot, however, be clfeeted unless cases of 
isonior[)hisrn between eornpoiinds of the rare earth elements and of other 
elements of known aloniie weight can be di.sco\eiod A number of such cases 
are actually known, and lh(‘ conclusions to which they lead are.conllieting ; 
in part the lesiilt"' indicate that the lare oaith olomonts arc diads, and in pait 
they point to then luniig tnads 

(a) r'cionH and “didyiniuin” tungstates and molybdates are isonioiphons, 
and foim ini\ed crystals with calcium tungstate, Ca\VO., and lead molybdate, 
PbMoO,^ 

(li) i \ilcimn and strontium sdicotnnir^tatcs arc isomorphons and form mixed 
crystals with tho silicotnngstaU's of lanthanum, cerium, and ‘•(lidMimim 

(c) l«inthanum, ceiium, and “didymium ” silicotungstates aie also iso- 
morphous with tho thoiinm salt ® 

(d) In certain minerals, c 7 pat tmte, eordyhte, t/fhoeertfe, m([ i/ttiujlnurite, 
tho lluoiides of ealeimn, barium, and tho laro eaith oloments aie piesent in 
isomorphons mixture ‘ 

((?) IhsmuthnitMtc foi msastable pentahydiatc, olloOjand a labile 

hexahydiate, Ih(\(),) filfjO , lanthanum and “did\niium” nitrates foim 
stable hexah\diales, M(Nf)'',), till ,0. and labile pentahy<bates, M (NO.,) /ill/), 
if the metals aie regaidcil as lei\alent, and thesi' salts aie isodimoi phous 
with bismuth nitrate, two senes <»f mixed er\stals being formed with tho 
La-Hi and (wo with the “I)i”-l>i mixtuies Two .senes of mixed cTvstals 
arc also foinu'd with the yttiium biMiiuth mixtures'’ 

Ihsmuth nitiate, lii(XO,)., ."ilIjO, is Lsomorphous with tho niti.iles of tho 
metals of tlu* tcubium and yttrium gioups obtained by erxstalli^mg fiom 
fairly concent I at ed mtiioacid (density 1 :\). These hxdiatf's^.iro of the typo 
M"VNO,)j uH ,0 if the r.vie (‘aithsaie tenalent The gadolinium, teibium, 
dysprosium, and holmium salts foim mixed ciystals with tho bi.smutli .salt, 
which also ludueos th<‘ eix.st.illisation of neoxttmhium and bitoeium nitiatos® 

Tho hydiatos of bismuth suljili.ito aic isomor[)hous with xaiious Inilratos 
of tho 1.110 oaith sulphate’s, and the following mixed erxstals have been 
preparerl, hut only eoiitaming a few' per eent of tho rare ejuth salts — 

(Bi,r.a)/S(),)., 1 ) 11. 0 (Ri,“ Or’l.fSO,), SII..() 

(Hi,La),(S<)t)3.r>li;o (Ri,Y)2(S(),)., Sll .,0 


' Cossii, rJa;;zrttii, 1879, 9 , 118 ; 1880, 10 , t67 , Cotnpf inut . 1881, 98 , 9')0 1886 I 02 , 
ISlf); Ciissn and Zccrlmii, fJnz'rfti/, 1880, lO, 225, Duller, ("ompt tout , 1856. I 02 , 8‘2J ; 
Iluiibiini, IhiJl Sot ehnn., 1884, [11 |, 42 , 2 

® Wyroulioll, Bull Soc fnvn; Mui , 1.S96, 19 , 219; 190r>, 28 , 201. 

“ Wyi(tiihi>II, 7o.’ nt 

* T Vo«t, Jnhtb. Mtn., 1914, II., 0 

• Bodnian, Bihnnif K Swnska Vet* Akad IFandl , 1900, 26 , II , Xn 3 , Xats'h anotg 

Chm., 1901, 27, 254 ; Zeitsch Kn/>t Mi» , 1900, 32 , 613 , 1902, 36 , 192 , Bn . 18'.'8, xr. 
1237 . . J . 

“ Uibain, ('m)ipf und , 1901, 139 , 736 , 1909, 149 , 37 , J. ('him phu'i , 1906, 4 , 342 ; 
Bliimerfi’ld and Uiliam, (\m}>t. mid., 1914 , 159 , 323. 

’ Bod man, loe. cit. 
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Lanthanum ammoninm nitrate, \^hich is La(NOA. 2 (XH )VO til O on 

-tup, heiajj'iiial, ,iinl is,miori)li(iiis uilh <.iin .iimtli<-i 'I'li’o' iiiliaten Jf 
an ham, m, pras«alyn,.m., n.,«lumnn,. sama.nu,, m.Mm'nm a. 

PKinlinmn, alsn f„r,n , on ,],. n.Lr.U,., « .,h tho . 1. „1 ,.|. nirnls al,oa,U n,.„li’„„ccl 
They are 01 the ty,K. 2 M"‘ NO,), .•IM'-iNo,,, o,„„o. .f t,,.. ,,.„„,Vlh ,'l 

are tri.iils Ihese valts aie hex.iijoiul am) atnetlv is «iih thu 

biainith salts, tho latter rea,hl\ form muccl crvsUls «ith the salts of 
garloliniiiin, enropnnn, and saniannin “ 

tho‘'’ev,‘.'l'‘ir-" «r''’'alh«r..i)hic eiulenee, ,1 in. ay he sai.l that uhilo 

0 the ,0^ tlTi.'" '")■ ('')• --i W' .s m favonr 

of tin MOM th.it the ,,ue earth elements are ilia, is, that euen in (r) 

8n!;j;ests that they ate teti ids, and th.it (ruen in (e) stimir-li siim-ests 
lilt they are triads The eM.h nee d.ined fi.nii the stnilv of ' t he ^sdleo- 
tnntis ates eannot he eonsidei.d ,it all enmlnsne. It mat id,Mmi.slv he 
nseil to sup,„n, the Men th.it thnnnin i, a di.id, a neu tl •111 

Idd.'l H '■'■‘■'".v of Ih.nimn,’ and if may )m 

nllid that it also leads to tin lenahle eoneliision that lithiiiin is a 

iliad f" faet, Mith siieh a l.irt;e moleenle as that of a silieolnncstate tlio 

oifthrirvllair'' "'in''' inlhieiieo 

on tho crjsUvlhne Minetnie of th, niolihd and lii„..s|,iies 

liOMeier, eannot he inled aside m a siniil.ii inaniiei, hut in mom of tho 
strontr eviih nee ,n f.nonr of the len.ilenei of the me e.irth elenients 
affonlrsl hy then isonioiphistn Mill, hisninlh, it is pnssilde th.it the e.ises of 
the nittlybiUfes ami tniiL'slales are to lie i.nihed nith tin oihei “nnnsiml” 
eases of isomoiphism th.it ha\e heen pointed on. In ll,iil,ei i The safest 

ls<«nnrplni;il of 

fv) l/o/„„f,„. llVei/it .l/e,ii»„„e„f. .\„ mis of the rare earth 

Clements aie knonn th.it lolalilise lutlionl at tempetatnres 

siiitalile foi iiponi deiisiU deteinnnations. MoleCiili.r Mimhis have 
Jiccoidini;! y to 1)0 inoasuicd in solution 

(ri) 'I Ik; anlivtlions chloi kIo.s of lantiianum, roniini, luas- o<j\ niiuni, npo 
(lyininni, .ml vttnnin Inivo Leon studied in .'ilcoholir .solution 1)V the lioilmff- 
Hioleniliir u,M^dit.s aic in accordance \\itli the siinple 
formula) M ( ].,, the iucImIs lu'in^ tciv.'ilfiit ^ 

(^i*) llie chloiidrs of ncod\ miuin, sainanum, .and “yttcrbjunr’ lune liccn 
PMimincd in aqueous solution by the free/inj^-poinl nielhod Ileie, owinc 
to ionisation, it is necessary to exjire.ss comparative resultB. For koIu- 


* Uibain and Lu-ornho cited by Uib.un, J Hum pfn/s , 190fi 4 lO", 

1906, 4 , l-aconibc, Ompt ini.l , Vm, 137 , 792, 82o| Ivtaiii, J ('hivi. phy^ , 

* See Vol V of tins senes. 

* See Wyroiiboil, Inr eit 

“ liarkrr, Tiaus. Chun S»c , 1912. loi, 2181 

' Mnilimanii. Vilrr , ISdS. 31, 1VJ9 ((» , It,.,,,,.,, y.,„. chr,. ,sv,. , ]a01 ly 65- 

iJr 'fvf'",?" I “i?®- ‘J •'■Zprn.M.ilieiion, ^»s rky, l!.0«.(>,i.J,8,'iA(Nd)’ 

-rthyi l’ "s’ ‘ ISIU- 331 , 3-!< (I.a ” 1 ) 1 ”) la al.oli.Jie soliilmn the ni, 

earth chlorides are undoubtedly combined Milb the solvent (see ji 255 J. 
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alt^minium and its congeners. 


tions wliicli fi ( 070 - 1“ (’ lh(‘ Following; “molecular depressions” have been 

found ^ 


NdCI. . 

bS 


6*1-5 

SiiiCl 

bo-ti 

(hCl, . 

. 65 

VhCl ' 

bb 

AUNO..) 

65 1 


'I’lie U'siilts aic ralcul.ited on llie a^Miniption that tlie laio caitli 

metals am lenaleiil, and tlio as'iiimplion is seen to he very satisf.u toi v 
The altcinatne \iew tli.it thev aie diails is mneh loss satisfactory 

{(') Vaiions acetyla<‘fton:iti‘s of the i.ue eaith metals ha\e heon cx.imined 
in or{j:.mie media Tlie le'^idts aie in liaimony with the mimv lh.it the aeetvl- 
acetonates h.i\e the ilonhle molecular weight, le | M‘" [(( 'll , ( '0>,('l 1 ( 
in nioderatelv eoiiec'idi.ih il solution, and tli.it the douhle molei ules hie.ak 
down with dilution 'I’lu' follow iie^ easts h.i\e hetui c\ainmed — - 

Ce coinjid III e.irlion tetiaehlonde , “ Di’’ eonipd in imiImui tetiaeldoiide. 

l*r „ „ disidjiUide, , Sin ,, ,, ,, disulphide 

Nd „ „ ethyl .sulphiile. 

{(1) The <'(|iii\.ileiit ( oiiduetivities of arjuetMis solution.s of \anous s.dts of 
the uuo (‘aith ehuneiils h.i\e hecn measuied The folhiwinj; lesults ha\e been 
obtained at ’Jo'' — '■ 


LaCI,* 

' A,..,- 

-A., - 

25 7 , 

M*I.‘ 


A., 

Jl 7 

(V(’l, 

'^lOOo 


jS ,’) , 

l/dNO,)," 

'^1024 


•_>,s 0 

I’iCl 


" '\.l s 

.10 1 ! 

ba.(S( >,)./' 

'^11121 

A.i 

51 b 

NdCl, 

■ ■ 

- A .., . 

•10 1 

(Vj.so,), • 


A., 

5‘i J 

Slid '1 , 

'^nj43 ■ 

- \u 1 ■ 

•2S7, 

Sm.fSO,;^ • 


\a 

1 ■ J 

iig to 

ih.uiiuu 

and Sv 

agr, the 

^ v.ilue of A 

lojl ~ '^1 

, .at 

25* foi 


foi each of 

the sulphides of liiuth.inum, eeiium, piasetMl\mium, uiMKlyinium, suni.u lum, 
gadolinium, \tliium, eihium, .ind ‘‘ \llerhiuni is oti a])pioximatel_\ ■ 

In iieeoid.Miee with Ostw.dd's Rule'' the \idm‘of -A..^ should hciihout 
30 for the chlorides ami niti.itesand about ()() loi tlu' .sulphatt's if the laie 
oaith elements aie ten.ilent, the eoiies]X)ndmi' values for bivalent metals 
being 20 and 10 ri'speetnelv It is evident that the evpeiimental evidence 
is, on the whole, decidedly lavoui.ible to the teivalency of the metals** 


* MiiligiMia, .fun Chilli /V<//s , UMI6, [vm.], 8, ‘J? I ' NMj, lO.'J (Sin,, 4 1 • (\ 1») , ollioi 
data due to llaoiill, ifml , isgf)^ |m ). HI. 

* W liill/, Aimnhn, IJidt, 331, 334 

* The feiiimln* aie wiitteii mi tlie assumption that the rare eaitli elonients aie teivaleiit, 
but the nuuieiieal data, being eijuivaleut . ouductiv itu-s, aie iiidi jieiidriit of this assuiiiji- 
tion. The dilution r is f'T|iiesscd 111 lilies pci giani equivalent, as usual. 

* bey, phy'^diii Clhm , 30, 11*3. 

* Aiilreclit, hutHifUiiil Disseituth ii (itcilin, 11)04), see Abegg, HamUnuh tlfi anoKjan- 
when CVo’niif' (beip/ig, I'toii), ^<>1 3, pt 1. 

* Muthmann, , 1898, 31, IS'29 

’ Rniunci and .Svagi iitid 111 Abegg, opi/s n/ , p 170 Foi other conductivity 
measurements, see .loin", and Alh-ii, Chun l‘'9‘5, 18, 321 . Jones and Jlecse, ibnl , 

1898, 20, tJOO; Noyes ,uid Johnston, J. Awer Chtm. Sue , 1909, 31, 987 

" Seo Vol I p l.^iO 

® That the raie Ciirth elements aie tervalmt is abo slu»wii liy tlie behaviour of then salts 
in coagulating nisoiimus si]][ihuie hydiosol (Fieiiudlich and Schucht, Xeitsih physikal. 
GAm., 1012, 80, 664). 
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{v\.) Composition of iialts . — Tlie assumption that the rare earth eJements 
are triads oftcui leads to foimiiho considerahlv sim])ler than those neeessitated 
by the assumption that they are di.ids Tins was pointed out hy (’leu* and 
Ilogliind 111 discussing the eompounds of }ltnum and “eihiimr’i The 
following alteinatne foiiniihe of a number of utiium salts may he eited — 


Diji.l 

YSO^ Slip or SVst), -sH .() 

211,0 „i Vi.SO^ JII .O 

1)11 (1 or .‘J^SO j{\H ),>o nij.o 
^3K,[rei(’\)J, Ill.O - 

Yjll/SoO,)^ or;nSfO II 
Y.^l{,(iy),), 711,0 

Y 3 K 2 (C.,oj)j U,n oi ;n(\o, K .(' o, II ,() 

Y H..(C,II/)j;(;il,0 ■ ‘ ‘ ' 


Tiiuil 

^ ,cS(),),S|| (I 
^ .(SO,), Na’so, -Jll.o 
^ .(SO,), L^(\ll, so, ‘III, O 
^ lvF(‘((\N ), 211 ,() 

^ .iSeO,). II . SH), 
JYII(l»,o.);711..0 
^ .((\.()‘) K".(\(), 11,0 


Tlie inan.R'i in «lii,h ^ , ,.nl,.,,s inlo tin- ili.nl tlir iI.miIiI.. xilts 

\eiy cuMoiis and ''lenilu anl 

Similai ii'Milts hiild loi ih(‘ vilts of 0,0 h o| (|„. i.iio imkIi mHals ’hat 
has ben, stiidird iM Mi.N detail Tin < ..n.iu.M.ds (ImI n>ioin i.M.dM.Miim. mnl 
hamaiinm ( hloiidi s loiiii with ammonia nii\ he nidi as iintlm evnnnle.s of 
the simjjlicil} of tin* tiiad toinnihe 


'I'liiWl Diad 

(Vf'lj liONir, (>('1,13,MI 
( o( i, l‘JNll, ('((’f. s MI, 
(V( 1, SMI, 'iijMi 

(VC’l. INJI, CHi; i»tNH 

C\( h 4IMI, I'Mi, 


in III ,iH.I 

Nd< 1, UMI N.ii 1 s MI 
N-l(l,nMI NMidri^MI 
>.!• h XMI, N'K rfi'.Ml' 
^'l( 1, '.Ml, Nilci. JMI* 
N«l< I IMI N.|( 1 v.Ml 
iN.li I, -Ml, \ li I 1 Ml 

N<1< h N'ld vMl 


I Midi Dm 1 

''iii(’l ll'MI, s,„( I. 7.iNH, 
Sin( I, "IMI .s„,( r. 

''iii( I 8 Ml, si„( I. f,J MI, 

Smi( I. Ml. .sjni'l. ;o,XH, 

Mini, I Ml Sill' r 1:1! ML 
Mild. .Ml s,„{’1,jMH^ 
Mill I ‘i Ml, .SinCi; lUMf, 

Sm' I IMI, 1, jjNir, 


Ihe ti litd I III niiil.e an* Ime i l('.(il\ mole d.ii\( nmit tli.in lie- di.ni 

1‘Uithei th.in tin >, the dmil.le and . .iinpli-\ -.dt^ ol the i.iu eai lln‘lemeiitH 
.lie Oilen U, /f//» lioin thus.. oi ih,. K,,..,,,, ,1,.^,] Hemnits ( onsider, 

foi iinl.ime, the • ^ '1 hus. o| tin known uni .ind hi v.deiit 
niet.ils Mie nuiniain . t lie i him me ui 1 1„ pl.mm, ehlm ide n t w m tin chlorine 
cl tlie inel.d dduiide, / ,/ ‘JK('| !'(( .„„1 M;.( |J»,( I^rill.n 'I’ja. s.-ilu of 
metals known to he ti-M.deiit an nd, hourN,.,, ol the nuim.-d lipe, hut aie 
usie . .nid the ^all.s of tlic i.iie eailli element :iie .snml.ii in compuhiiioii to 
Iheiii, thus 


-( I’K'l,) ;H)||,() . JlCiOl, IM(’L) 2711 o 

. -Vl'’e('j riCl,) 2111 (), -Jt** I)J |*i('| ) 2111 O 

J{<i(’IJ>lC 1,)2II|(), 2(“Kr’(ri>t(’lj2lll o 

2(Lafl3ri(’lj27ll,o, ' 

'i he indnim and \ tluuin s.dls aie anomalous hnne 2lii( 'I 'iPU l .'ihllOand 

n('yr)|'U'l,:)2ll,0 lespdtidh, hut nnlhe; is oi i|„. mumal (Vpe ^ I-'iom 
the compo.,ilMM, oi the eliloio|,latmaLes, then, the i.ue eaith eh-menls must 


* Cle\r> and Hnj^luiid, Bull Sui c/iiui , 1872, In I, i8, J‘j 3 2bU 

1874, [11 ], 21, 198, 246, 344 , Juliii, ibid., 1874, [u.], 21, &33.’ 


See ulho Cleve, lOid,, 
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be ro^anled as tervaloriL, and the same conclusion may be drawn from a 
study of the chlotoplufinitcs and the seleiufes ' 

(vii.) The PetiotUc Clnsstfiration — It has been alieadv stated that 
Mendel('en* was tlie fust to reject the idea of the bivalcncy of the rare earth 
elements, and tlic fonnnhe ho proposed for the oxides of these elements have 
been given (see p li'il). If is method of ineoiporating the lure caith elements 
into the I’enodic 'J’.ihlo was as follows — 


Si 

Y 

Zi M) 

Cd 

In 

Sn I SI) 

ba 

0. 

Ce ' 

- 

■ 

Er 

1 i 

La ' T.i 


With legaitl to these posilnnis, Mendeh'oll was eon\ineed of the accuracy 
of hia views coneeining ceiiiun, the more so as he showed expm imentally 
that eeinim theiehy followed Pulong ami IVlits laiw,- hut although 
ho was satisfied with the [losition he av^lgnc<l to yltiium, ho was doiihtful 
over lanthanum, didymium, and eihium The iiositions assigned to these 
elements by Mendi'li ell in his table need not, howewi, be further discussed, 
since the “didymium ” and “oihium ’’ of 1S72 aic now known to be complex 
mixtures. 

At the [uesent time the piohlem is to place not five, but fifteen, rare e.uth 
elements into the I’ei iodic 'I’abh*. Inspection of th.it table will show ^hat in 
seeking posilions for (he raio earth elements only two vaeant places oceiir 
for elements of atomic weight loss than that of hainim, \i/ one between 
strontium (87*().‘i) and ziieonnim (1)0 G), and the other hidweiui niolyhdenuni 
(96 0)and ruthenium (101 7). Belwcoii baiium (137 .37) and tantalum (isi 0) 
there aio many vacant places The atomic wciglits of tlic raie cartli elements 
are as follow's, according to whether they aie diads or tiiads ■ — 


Elcincnl 

Diud 

Tiiad 

Kll'IUiMlt 

1 

i Dud 

1 

1 

Tiiad 

Kletiu lit 

j Dud 

Ti ud. 

Vttiiuni 

' 59 1 

88-7 

Sam mum 

100 3 

15U 4 

llulmiiim 

' mo 0 

163 5 

Lanthanum . 

92 7 

139-0 

i'anomuiii 

101 3 

152 0 

Erbium 

111 8 

167 7 

Ooiium . 

9.S 5 

140-3 

Oudnlinium 

1 lot 9 

157 3 

Tliiilium 

, 112 .1 

168 5 

Praseodyniinin 

93 9 

140-9 

Ti-ruium 

1 106 1 

159 2 

\ tteibiuui 

! 11 ;. 7 

173 5 

Ncndynimm . 

96 2 j 

144-3 

Dyspiusiuni 

. j 108 3 

16-2-5 

Lutecium 

116 7 

175 0 


Assuming that the raie e.nth elements arc diads, it is seen at once that 
(i.) there is no place in the IViiodic T.ablo for yttrniin, (ii ) three elements 


^ Nihon, /frr , 1876, 9, 1056 (chlou'pl.itiii.ites) , ffer , 1.S76, 9, 1112, 01 J. imikl Chem 
1877, [11 1, IS, 260 (cliloiophiUnitcs) , Ber , 187.5, 8, 65.5 , Bull Stn 187.5, In.], 23, 

494; 01 Nova Jrtu Soe Uffixilu, 1875, tin |, 9, No. 7 (srloiule*)). .Sen also Cleio and 
Iloglund, Bull. Hoc. c/itm., 1872, [11 ], 18, 193, 289, Clevo, ibid., 1874, [ii ] 21 , 196. 
246,344. 

* See p. 232. 
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compete for the one vacant place between molvlKleimin nn.l i iitheiiniin, (iii.) 
eleven othci elements resemble Utrmm m bem- withm.t nines, and iv.) 
the spaces between b.iiiiimand lanuhun sidl .niuiin mm.mpi.Ml On the 
other hand, assumin',^ llie element's tn be tn.ids, u jv, obM'r\ttl that (i ) vttrmm 
occupies the \acant space helwtan stn.ntmm and /m.mmm, (n ) the space 
between molybdenum and lulh.'iimm icmau.s xa. ml. and (ni ) fumteen 
elements, the atomic wei^dits <»f whith li.' beturen those of bainim and 
tantalum, are asadable for lillin^r the Aacann, bctuu'ii the positions of those 
two elements. 

On the assumption of tlic tcnalmcy ol the laie caith elements, llicn, it 
It po.ssil)lo to pla(‘c all ihese cl.'mciits mto \.uaiit sp.i. ( s h'unn llic eliemical 
point of \ic\\, ho\se\.'i, the ]).Miions ihal the laic eaith clcniciils then 
occupy are most iiii.salisfai (oi\ . except in the eas. s ol \ttiinm, lanthanum, 
and cerium Lantliamim and eeiium foll.ox dmutK aftl-i bainim, for there 
arc goo. 1 rea.soiis foi reg.n<lmg ceiium as a niunbri of (Jump l\ m the 
ta )le llciicc, s.aiidniiii, Utnuni, .md lantiiaiiiim must Is* giou{)ed loLii'lher 
as coiistitutmg the exeii subgioup ol (iioiip III . nn.l this \iew is in \n\ fair 
anoidaiiee with then j.iopeities Tl . le .still uniam, howexu, twelxe more 
eleinoiils, and it is mipossihle to aii.m-.' ih. n. m p..Mii..ns which laiige horn 
(ii«)up I to tJioiiji VIII, to assiiine llialta.li is t.ix.ilnil in its salts, nud 
still acdjit the liiilh of tlie I’eiio.jie I.aw (’leaih su» h .i.ssiiiiiptions aie 
mutually eoiiLiadi. ton So f.u, ihm.foie, as llie'iaie entli «*!ei.i. nts are 
coneeiii.'d, Meii.leh , ll’s cIismi,, .. tioii is dr|reii\(., .md lamiot In legilmialeh 
utilised 111 aiumiiig f..r oi ulmiiisI the l.nal. lux ol the laie <..illi el. mentH ‘ 

(mu; 1 ht' ( ii>i (»/ (\intm — The element eeiinm dilleis iioni the other 
i;ii( e.iith elements ni that it toims two hasie o\i.h s and two sei les of salts. 
Ih'lm.'.l to unit wei^dit of ((iiiim, the oxx^ni m the lowei oxid.' is to that 
111 tlu'^ijle 1 o\id.' as .5 n to 1 I lom Oie jmiiul of \i» w oi -imiili. il\, then, 
theoxid.^aie iM'st loimulit.d asl’r.O .md ( 'eO „ < ei ii.m hung i. .,n‘i.|..d as 
holli tiiid and letiad If, howexcu. (uiiim in ( eioiis .salts is regarded as ji 
dial , It l.illows Ihal 111. hiehu ox.,|. IS i\ O,, ,jint« a uiii.pi. Ivp.‘ of hasic 
OMfje, aii.l I lull the f..i inula* m tin . u le .s dl . .ne \ei \ (ompli.Mt.d 

Iheiu 1 -, m.iiiox.'i, slum- exid* nu in faxoui of the lust of i),,. two 
pi ..diiiL'' Mews, nil] toi ( I I'.^ii \ 111 ^: leiniin with titani.im, /Meoniinn, and 
Ihoiium as a gi.aip of t.-li i<l rl. mum Sinn* the exnl. m < is liilh discussed 
111 a suhs,.,|uent xohiim,’ it is iinm . . ...u y to iip..il il here. ‘it is oidy 
necessary to point out that llie j.i. | that . xiilune n..|. p. n-l. ni of the picced- 
mg shows (uiurn to he leix.duil in luous .sail- is .i siiong aigument in 
faxoiir of the teixaleiiey of ih.' other lan e.iilh < I. nn nts 

(lA.) ^uinman/ - llie exidence hn.umg upon tin* (|nestion of the Viilencies 
and iitoiiiK' xveiglitH of the riiie..irtli elemuit'' h.n n«»x\ heui disui^sed, from 
\arioiis difJeieiit iioints of Mew U hatcxei tin* x..lm that m.iv he assigied to 
the cryst.illogiaphie cvideiiu* and the apjieal to ih.- I’uiodu. haw, the hidancc 
of (’videiiee iiidK.ites that the laie lailh elm., nts aio teixaluit m then salts, 
llii.s M.'Wj win. Il IS accepted hy' ne.iilv all ( liemists, is the on.* a.lopted in * 
this hook ' ‘‘ 

Practical Methods of Atomic Weight Measurement.— Th.* chief 

meliio.!> that ha\c he.*n emplo.(d in the, delermiinli-m oi die ahynio f' 
weights of the laie earth el.*muits aie hiieliy ouiJiijcI in the f.jlhjwing 
paragraphs. 


' Sec Vol V. uf tliib ticiics. 
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' ALUMINIUM AND ITS CONGENERS. 


(i.) (ft) Synthetical. A weighed amount of the puro 

sesqui oxide, prepared hy tlio ignitmn of the pure oxalate, ih ditssoh»'d in 
hydroclilorie .leid in a \\t‘iglic<l pl.itinvini ciiieihle, a "Inrlit exi-ess of sulphuric 
acid added, and the 'inlution ev.ijiorated as fai as possible on the water-bath. 
The ovapoMtioii is I hen eontinued at a liiglier tenipeiatiire until the excess of 
sulphiiiie and has been ietin)\»Ml and the lesidual anhydioua sulphate brought 
to constant weijiht .it about bOO'’ If tlio weights of o\ide and sulphate be a 
and h iespeetivel\, and the reipiired atomic weight be X, tlien 

2X-)-‘18000.2X + ‘JSS-l‘J5.. rt /> . . . (F) 

Tins method, oiigni.ated (in a slightly dilleient loim) b} lJ.ihi and Ihinseii in 
18t)(i, li.is been used nioie than any other foi diiteinnning the atomic weights 
of Urn laie e.iilh eleinenlsd Although, however, the pioeednie is sinijile, the 
method i,eeiL.iinly not the best tliat (“an be employed foi the atoniie weight 
deteiminalions Owing to the extiemely lugio.seopic n.ituie ot the .inhvdions 
sulphates, gi cat eaie must he taken to exclude moistuie from the s.ilt', until 
they ha\e been weighe<l 'I'lie ehiel dilhcnlty, howevei, (.oiisists in obt.imiiig 
the sulphates diy and neuti.d, since w.itei and snlphnne .leid an* ictamed if 
the Im.il tcmiier.iline ot he.ilinn is too low, and decomposition of the sulph.iles 
begins il th(‘ linal tem[)ei.itine is too hiah In the foimei ease, the snlphat(‘s 
dissolve HI w.iter, toimiiig clear solutions which react acid towaids iiu>lh}l- 
orange, in the l.iltoi, the sulphates do not dissolve to a eh'ui solution. 
The jireei.sc final temjx'i.iliiie to employ' pi ohahly lecpiiK's in ea( )i indnidual 
case a speei.d in\ustig.(ti<m fur its detei nnn.ition In many e.iscs. tlie bulling- 
|)omt oi siilplini, wiiieii is [uobablv too low, has bisni chosen, Wild leeom- 
mends and otliei (•h(‘inis(s h,i\e .idopLed 0 ( 10 “ Aieoiding to 

Ibaiinei, it IS always necess.uy to dissolve the iesidn.il snlphato water, 
titrate with N, 10 sodium h\dio\ide till lh(‘ solution is ueiilial, and ap^ily the 
ap[)io[)n.ite correetion In \iew of the lesnlts oht.uncd h\ Jones and by 
Holinberg, however, it i.s ddljeiilt to belie\e that the piepaiatioii of a diy, 
iieutial siil[)hate eamiot bo aeeomplisbed " 

(/>) Anal\tical in tins pio«ess the oetali>diated .sul[)h.ile, 

8H.J), is eliosen as stalling inateiial 'I’he s.imple foi an.il\sis m.iy geneially 
be piep.ired by dissolving a giam or two of oxide m bydroehloiie .leul, 
evaporating iieaily to diyne.ss, diluting to tifty enbic centimetic'S, adding a 
sliglit e\ei‘.ss of snlphnne acid, and limn (jinekl\ diluting with a btie of 
aleoliol. Tlie precipitated siilpb.ite is well w.ished witli aleohol, diied at 1 It)', 
dissolved m water, and crystallised at the tempeiatmo of tin* watm’batli 
The crystals aie .separated fiom the mother luiuor, diied in the an, jiowdeied 
in an agate inoitar, and dried in a desiccator A giam or two of the sulphate 


^ For fill thiT (li'tjiils ol the incthnd si-o b.ilii .ind binisrn, hnmhn 1 137 , 1 , liailoy, 
T’lnJi.t Sti* , l,ss7. 51 , 083 , lvin->s, Zntvh, (inmtj f’htin.y lst(3, 3 , It , Uih.im, Ann 

Chim I*hys , lOoO, I'li]. 19 , 184, .loiu’s, Ainei C/ievi. J, 1902, 28 , ‘2.3, .AVuvs, 

1903,88, 13, Zeit'.ih anorg Chem , 1903, 36 , 92, Miaunoi and Pa\licrk, 7V»/».v. f'/u/n 
Soi‘., 190*2, 81 , 1 * 24:5 , liisniMPi, Zf/fscA anoig Chem., 1903, 33 , 317 , Wild, ibui , 1904, 38 , 
191; bull, j/ad , 190.'. 47 , 1(54, ^folinberg, ibui , 1907, 53 , 124, K .1. Miyci and 
Wiionncn, thitl., l‘ii:5, 80 , 7 , Kgaii and balki*, J. Amer. Chem. .Sot,, 191 ?, 35 , 3l)5 

^ It IS pohsiMp, ail Mcyt'i and Wiioiim'n ha\o pointed out, lh.it tlie dillu ailiei) ni.iy have 
usually aiibeii lioin the tact Itiat the oxide has lieen ignitod in platinum .ind rontainin.ited 
with a tiaee oi that eleint'iit, and hence that the laie eaith sulphate dubsoiiueiilly formed 
has been slightly conUuunated with platiiuc sulphate , e/ Junes, loc. cit 
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is wt'ifjhed into ii siiiiill |jl.ilimiin cruriMr. ami heated to till tlie water 
of cr\ stallisatimi li is hteii e\j« Iltd The l(»'^s of weight is t lien deteiiiiiMed. 
Kin.‘ill\. the eiiuihlo and conliiils .iie plated in a I.ii^er ei ueihle (whith it is 
preienleil fiom tonehiiif; hy me.ins t>f .i hille e^nited raroe.irtli paekin*:) and 
heated .diiiosl to .i wliite luat until the sniph.ite has In en eompletelN deeom- 
posOtl '1 lie M eiiilit of the It sidird oMth* is I hi n detei nnni d 

r»\ tins methotl, in aiMition to tlieme/f iatio(l.), \.dues foi tlie 

atomic weight ina} lio t.dinl.ited fioin twoothei latios, vi/ — 

() . . . (II ) 

and 

X,(S()j)^Sll.O \.f>^ (Ml) 

It should 111* notefl lint witli ceninn. tin* tni.d lesidne is tin* dio\ide 
\\illi pi.isetidynnuni .iml lerhinin, tin* lin.d itsnhiis tie pi*io\ides of sunie 
what iiiiletinili' t tiinposumn The} m.i}, Iiowcm*!, he ndiieetl to sestpii oxides 
in a slitMin of li\ iliM:_'('n 

This iintlioil has hot n t‘nipl«ixetl \'ei\ siiciesshilK h\ I ilmn,' ulmpiefeis 
the \ .dues df'lnr (>(1 1 1 oiii i,(tio(|il } ((» the otheis 'I he oml* 
as (letennined )a tin* .indNtit.d lin ihod axoiils the dillit iilt \ , eni onnteusl in 
1 he s} lit In I le nnl Inid, oi di mim oil excess nt at id. hut it snih is I nun allot liei 
defect The aiih\'lioiis sidphite olitained is (xlnmelx poioiis, .md ahauhs 
^Mst's, HO rnneh 'o tliil it i- inipossihle, foi iii'-iiiiie, to wei<.di iinli\tlioiiH 
^Mdoliinnni sulpli.iie m an with an\ n asonahh* ih l'h e o| aeenia« \ 

The fiin 40111 ' nil ' In d max he a|»plu tl to \ ei \ 'inall •pi.ml il les t»f mm lei lal, 
tllC weioliiiiLT hi MIL' In id< on a toisum inieioh.ilanee 

.tecoidin.^ to III titin I, t he aiialx tieal tin thod |s hinili d in its si opt , sineo 
it IS iiiipo-«s|l'li‘ todei oiuposc eompletelx h\ ignition tli< sulpj) iti> ni hint h.'innin 
and tln^otlni sniphali s di-rivt d fnun the sinui_.K |i.i„, nnhs 'I’he aiia- 
1\ tieal iiiellioil 1' tin n loie hi st suited !<» tin* si.ljili tli s t»l the <*li iin ids of tlio 
ti*ihiini iiid • 1 liiniM ^oo'ips \s,tn illnstiati*>n oi (he nitnieoi the lesnlls 
It h IS ailonlfd, t he follow in_' <lat.i i«‘f( 1 1 milMo tin aloinii w i^dit ofeniopiiiin, 
an* i:nt n - ‘ 


I ' Untjlitof ' VtdJiiK Wi i^dil of Kti leuii httlin 

i No of ! 

I Fi i' noil I 


I 11 ''If.U 

Eii/Slhh 

Ka.Oj 

I 

11 

III 

’ iH ir7s: ■ 

I I'lns 

1 ' .III) 

r.i 91 

i:.i 71 

l.'il .SS 

18 1 1 t7-r. 

1 ‘et'r. 

1 ISJ'' 

1 .1 

rj 10 

lf.l 98 

17 J 1177 

I yii9 

1 l^M 

i:.i 71) 

i:.j .13 

I'll 88 

18 1 ‘J*is,';i 

1 '-Ui.S 

1 IHTO 

Ifi'J oj 

ri 80 

ir.] 98 

ly 1 u ■j'ji'S 

1 "l.'l'* ' 

1 

o.-i 

ir.i " 1 , 

Ui'l 01 

i 

1 

' Till im, J. Hiivk yhys , 

Mean 

4 


l.'il 'H 

i:.i 98 

! ir.TiM 


" hull, Ac r,t cf N»tiis| ,0 -1 liiisii |i lij, Jit I , J'US, 36, ‘jesn. 

" Uihaiii uiid l.iiondit*, ('i.w-l rn.'l , J''ii|, 138 b -’7 . 1 iliaiii, ./ Chnn fihyn , lOOti, 
4, 118 The aiMi'wli'Til d.ila .01* 0- lei, 11 = 1 l'e 7 nJ, Oo.'i The iiiiiiihi'ij utUihed 
to the fractious haxe the same* iMdiiiiii's as those on p 
VOL. IV. 
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ALUUlNItJM AKD ITS COItaENlSItS. 


Hi.) Oxnlnh’ Mvthotl — 1'his infllnKl is fiiou* suitisl to the napid 
clfitcriiiiiiiitioii ()l iipproMiM.iLf ii*sults Ilian to tlio detciiniiialion of exact 
atoiiiio values Tlie preeipitatcd oxalate is eitliei nii-tliial or dried 

at 120'’-!. ‘10“ and ^loiiiid in an ai'.ilc inoitar to ensure its lioniojreneity. In 
one {xiition the poreonU^o of rare earth oxide is deternuned by ignition, ^ and 
in another tlie oxalate radiele is estimated by titration with a standard 
solution of potassium permanganate, or by an ordinary combu^tlon analysis. 
From the ratio X^O., the atomic weiglit is easily calculated- The 

oxalato should be prepared by precipitation witli oxalic acid fiom a slmhtly 
acid solution , if precipitated by a soluble oxalate fioin a neutial oi alKalmo 
solution, the oxalates of the alkali metals and ammonium are eo-picc*i pi tated 
to a very considerahle extent. 

(ill ) The Ilalule Melh(xh — (u) The .inalvsis of the puio, anhulioiisehldiide 
IS an operation comparatively easy to cflect, and when ])iopeily peifoiined 
ahvays yields very reliable lesults. The prejiaration of tlie pure, auhydious 
chlorides, however, is a dillieult task, so that this method has iinhu Innately 
been greatly neglected , ^ analysis of the l)romid(‘s, which should give equally 
good lesiiUs, have not yet been attempted 

{h) The detoimiiiatioii of the latio X/), 2XClj may be efreelcd by 
dissolving the oxide, contained in a quail/ flask, in hxdKx'hlonc acid, 
evaporating to dryness in a stream of hydrogen ehlonde, and deliydrating 
and fusing the n'sidual chloiide in a euiumt of the same gas 

(iv.) Oilie) ^^efh(hh — A mimbci of useful, lapid xolinnetric ])i()eesscs, 
wlncAi, liowevea, yiebl fmlv appioxim.ite lesvdts, have Ihs-u deserdied'’ A 
convenient ]noeeduie is to dis''olv(‘ about 0 loOO gi.nn i»f the puie oxide in 
50 ce of staud.iid sul[)huiie acid (.i[)pioximalelv semnionnal), add about 
8 c.e of X7r) pol.isMum ox.date, and he.it to the hodmg-poiiit, (ool and 
titiato the excess of sulphuiie acid with sodium hxdioxale, using phenol- 
phthalein as indieatoi 

Experimental Results. — The expeiimi'nlal h-suIIs which set m to be 
the most reliable aie contained in tbo accompanying table, to which a faiily 
conqilete hihliogiapliy is appended. So far as tlie atomic weights aie con- 
cerned, many of the papois rofeired to in the bibliography ha\e only an 
hisloiieal inteiest. 


1 It IS didicult to olVret tins dpterinmation witlioul a Ii.kp of o\nli lx mg ni(rliiiim .illy 
caiiu'tl ll^^ i\ h} cMMpmK g.iMN 

« Slolba hn bohvi Uci , 1878, J^hie-^htr , v 1' 101* » 

p. ll’SlJ , Oil)l)s, J’ror IM'S, 28 , U»il , .ImD ( inm ./ , 1^93, 15 . fil*’ , 

ihaiua'i, ilhtin. .Vi j/'n, 189."', 71 , ‘J13 , Hmiuipi »in<l r.i\luVk, /m* «j/ ; Bi.umpr iui<l I’atfk, 
ZfUsch annrq I'fhin , 19a3, 34 lt»3 , Unuiifi, il>id , 1903, 34 go7 , lliowiimg. Ainn. J. 
Set , 1899, [iv ], 8 -lal , I)iuvlu-I, 1907, tn.], 24 , 197 

" H.ixli’i luid liiillin, J. Ainer. Chem Siti , 1900, 28 , 1081; IJaxtci and Daiidt, ihid., 
1908 , 30 run 

* Koi dftei iiimatioiiH liy llus iiictliod, spp Knliui''()ii, Tioc Hm/ tSoi , 1884, 37 , ITiO , 
Chem. News, 1884, 50 , 2'»1 , li.ixtei and Cha|iin, / Awri I'hrm Sue., 1911, 33 , 1 , IJaxU-i 
and Stpwart, ihi>{ 191 37 , filG 

® Egan anil Halki', ./ Am^i Chon Hoc , 1913, 35 , 3»»r». 

® See Kriiss and Lihisc, Zeitsih, nnorg Chem , 1893, 4 , 101 ; N\ iM. 1904, 38 , 191 , 
Felt ond Pmbylla, xbid.^ 1905, 43 , 202 ; 1906, 50 , 249 , lloldm and Janii's, J. Amei Chem. 
Soc., 1914, 36 , 638. 
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ATOMIC WEIGHTS OF THE RARE EARTH ELEMENTS.' 


Date 

1 

Authority. 

1 Hatio Measuied. 

Aloinn 

\\ l*ll,d.t 

Intrr- 
iiHk ■•nul 
Vaino 
(1916). 



Ci Kir\i - 



1884 

1885 
1897 
1903 
1903 

Rubiii'.nn 

Hrttiiin*r 

Wj’ionboir and Vcriiouil 
Mraunci and Ilatck 
ilmnnci 

|('.n Ufr 

|<v/M)^,8njO (>/.<()/•, •jt’tO. 

1 CV,rs(),)3 ‘JCeOj 

1 Cp./SOj\ 2Cc()a 

■ 140 14* 

1 10 -JJ" 

1 0.1 :in 

1 10 Ui* 
140 

140 2.5 



Dy^'I'UOSII.M 



1906 1 

Uibaiii and Denicnitmux 

1 J>}.{SO,)j8J].j() D3.()j 

1 162 6.5 1 

Ib'J 6 



Kkimi m ‘ 



1908 ! IIolmaiiM ,iiid IJmcci 

1010 . irnfiiKuin 

Ki.o,: Era/St),), 1 

'Ei.Oj Ei,Sig. 1 

167-10 ' 
lor bS 

IbT-r 



Krjinrii M. 


/ 

I90i l/i /Mill and Liconjhi' 

1908 1 Jantvii j 

Sll 0 ;;nx.M',), hi/i, 

'<(7, ),.«»/) Ku/i, j 

Ifll .OS' , 7; 
J0‘J Of, I 

i 


J. tel fniiii il,n uiv.ii in ( niikr*, 1 IUutln,h,ti,m vf thr Jfn.n^r 11, rf/,/', (“ .SinMlisiiniiiii 
M.^cllaniiiMs. ..llortnins/'Mil *. 4 , N., ii„o> nsnig tl.« foln.^unK unl/c. <U 

O len.io, JU 1 007*V2 . 107 f«S0 , ('U . '.7 , 1 Oo.j 



* hlio Iili.a Inis lint y< t I'M-ii pi*-|Mi<(l 
’ hiii()|)M wds imt isolatcil in thf |iUH'^ta|p till 1004 


Cerium 1M.>, 42, 134, Ilmn.nii.y ;,r«W. rA<-,„ , )M) 30 ISC- 
.M.mKn. 0 , JrrA in. ,,l,y, „at, ISI,S,(, 1,8,273. hj.-iulf, 185 ( 87 I- li,, wn 

7 y«®i868 f.n “rT'f:"'*', ''v '‘f'».>o8,44r\\nii, :,rjr 

I™’ l'"4 37 . '•'■■0. Jfrvs. 1S8(, 50 , 2CI ISM 44 

cnim [III j; 17. 61O , tmnpt u.ul, 1M»/, 124, 1300, Ann ('hnn Phns ll»(i7 

[viii.], 9 , 349 Kolle. fZurirli, 1898); UraiiiKT ami I'aia 'x.!tJh 

annrif Cht'vi , 190 t, 34, lOJ, l»i.iumr, ibi,l , 190.J, 34, 207. ' 

Dysprosium.— Uilmi 11 and Dermintronx, Compt, rend., 1900, 147 
001 » '1!”'^^**''®’ .b'rcnjAa Te/ Akad Uandl , \hm, "S,, 7;! rrn,l ixtii ni 

80*8 ; Kafrt?r.To,4f263,^""*- "" 

Europium. — Ui bain and Laconibe, ('nwut. rend , 1904, 178. 0''7 Urbam / rh.tn 
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ATOMIC WEIGHTS OF THE RARE EARTH ELEMENTS-^ nnh lived. 


D.iip 

AuHioiily. 

Ratio Measured. 

Atomic 

Weight 

Intel- 

national 

Value 

(1916). 

lOO,”. 1 Uibain 

(IlDOLIMl’M * 

(bUSO,), 8Ib,0 (idjOj 

1.57 21 

157 3 

1911 

II(diiibei^< 

lIoi.MirM - 

lIo.O 

163 4.') 

163 5 

1902 

.limes 

L\ni II \m;m 

]j.i/), La_.(SOj 5 , 

1.33 73* 

139 0 

1902 

liianini iiiid l*a\liCek 

l..ip La.^(.'s04'i 

l.‘J9*05* 


1903 

.Tom'S 

1 .a lOj dOjOj 

T^ilO., Tai/Sbj„ 

139 08* 
138 76* 


1907 8 

Ll 

Uibain 

. 1 M'H’M (or nt'Ciiopi linn) ' 
j Till .(SO, ^3 8IloO;Lu,0. 

1 Lu/S 04 », Slip Lm^o 


175 0 

1913 

Auer \oii Wi Mi.ieli 

1 175 ’00 


1903 

1 Auei ion Welslmi li 

NloDIMlOM. 

Nd.O. Xd,(S(),). 

11 1-55 

1113 

1907 

i llolmbi 1 ^' 

NM.O, Xil/Stb), 

1 1110 


1911 

liaxtei and H1i!i|ini ■> 

Nd(’I. OAgCl 

1 ltfii7* 



Nd( 1. 3A;^ 

1 1 1 j;* 



’ most |irnlul»ly an<clc*fl l»y iticscix i* i*f nziojua in Hit ^Mdohiiu 

used 

^ llolmi.'t \\,is nii( iboldtoi] iintil lUll 
' iL isddulilful wlii'tliOi |>ui(‘ lutma liaHjTl Imcmi obtained 

‘N(U anahses ol NdCli l»y Rnlei. ’Whitioinb, Stew’ait and tliapin eonfiim Hie 
icMilta ol lUxltM and ('liaimi (./ Jmer Vhnn /SV/*., 1916 , 38, oO_M 


Gadolinium. - -Maiij'iiiic, Ann. C/um I’hys.^ 1880, [v, ], 20 , , Leeofjdr I>nisl>.uidiaii, 

Cnmpt 'iniil , IS'IO, ill, 109; Hotleiidorl, Aniiulen, IMU 270 , "76, lb nedn ks, 
anon/ ('ll, in , I'.tOO, 22 , .‘193, Muix, ihid , 1904, 38 . TJS , IU-niai\.iy, Coi<,/>( lemi , 1900, 
131 , 313 . Uili.un, ibiil , 1900, li^O, 683 , J (7iini phijs , 1906, 4 , 326 

Holmium.- llolmbci^', .“frA-n A'fwi Mm. , 1911, 4 , No '2,\ ZnlsJi niior,/ Clnm ^ 

1912, 71 , iJ 2 (i 

Lanthanum.— Mosandcr, Poqf/. Annahn, 1813, 60 , 297 , Raininelsbcig, ihn! , 1 .^ 12 , 55 , 
65; Maiif'nac, Ajih. Sd phys naf , 1849, ll, 21 , ^Inn ('hnn I’lins , 181'*, [111 ], 27 , 
209 ; Iltd/inann, J. pialf (7i,'i/i , 18.68, 75 , 343 , OaidiioxMe/, ibitf., I860, 80 . 31 ; lleim.inn, 
jhtd , 18(51, 82 , 395 ; Zsebie‘»cliP, ihil . 1868, 104 , 174, KiK, Jfiunsihi Z, ilsrii , 1871, 6 , 
806, Alaiigiiiir, Art/i .Set, jilii/s. nut , 1873, 46 , 215, Ann Chnn. , 1.87.5, [iv.]. 30 , 
68 ; Clevo, Jliknin/ K Sinnhi Vet -^Utul Ilanitl., 1874,2, No. 7 , Jlnll (Ann. 187L 
[n. I, 21, 196 , 1883, [11 | 39 , 151 , lliannei, Movatsh , 1882,3, 1, 4S6 ; Tunis f’heni Soe , 
1882, 41 , 6 , 8 , Bn , l.S'i], 24 , 1828, Hetlendorf, Anmilen, 1890, 256 , . (libbs, J'me. 

Anier. Acad , 1893, i 8 260, Sclmlzenbciper, Compt, nnd., 1895, 120 , 1113, Hodman, 
BihitnijK. Sienska Vit.-Aknd Ifaiull., 1901, 26 , II , No 3; Braunei and Taxlaek, Tians. 
Chem. Soc., 1902 , 81 , 1243, Ibaunei, anonj C/um , 1903, 33 . JH7 , .loiies, t7ner. 

Ckem. J., 1902, 28 , 23 , ZeiU/i aiioiq. C/icm , 1903. 36 , 92, IJiill, ihid , 190.'., 47 , 464 ; 
Feic and Tizibylla, ibid , 1905, 43 , 213 , 1906, 50 , 248 

Lutecium — Uilain, ('ompt. itnd , 1907, 145 , 759 ; 1908, 146 , 406 ; Auei \on Weis- 
bach, Sitzungsbei . K. Akcul. JViss JVien, 1907, n 6 , II. B, 1425 , Mmuitsh , 1908, 29 , 
181; 1913, 34 , 1713 

Neodymium.— Auoi \oii Welsbach, Monatsh., 1885, 6 , 477 , BUziingshei. K. Akad, 
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ATOMIC WEIGHTS OF THE RARE EARTH ELEMENTS-fOH/mwd. 


' Aiitlutrily. 


ISlJa I Joins 
l.''9S , \0M St liLclu 
1901 liiiiunor , 

I 

19U) Auei ^oii Wflslui li 
lOlfi lJaN.tci iiiid Skw.iit 


1901 i Uiluiiiaiii] Laroinbo 


190G , Uili.iui 


I 190.' I ib.iin 


I 191.1 , All' 1 \on WcInIi.k h 
Till iliiniiuiift'ld and Uiluin 


11 It 10 Maisuri'il 


rKVhKi)I»YMn M 



I’l 

Pl.C), 

l’i'(S(»i . 

I’l .1'^ 

l‘i,.S(),., 

1'i‘n 

3C.(> 

i*|■o’ 


l‘ii'l. 

■1 \gl 1 

I’H 1. 



Swum I’M * 

Sm_.(S()j) 8H/) Sm/S(>,)j . Sin J), 
Tmihiuai “ 

Tb,S(),\sll,0 TIuSU^), 

Tin LH M ' 

1 

t 

{iicot/tfnhium t»i al(if’bit)aniuui'^ 

sIF.O 

Yb.7Mlj,..sH 


> I Intor- 

Atoinu' imtioiial 
I Weight I Viiluo 
(1910) 


I UO 47 ' 141) 9 
I 1 10 .'.4 1 
I 119 97“! 

I 1 10 9..» 

iior*7 I 

ni) 9 .r ' 

1 10 9J* 


150 16 I 150'4 


1 159 29 1 159 ‘J 


I 170 7 I 168 5 
< 11)8 5 I 


I 173 0 I 173 5 


• ' S iinaiia w.is not obt.uinti Inc lunn inodyniia .iiid eiiiopu until 1900 
" I't ilti.i M.is not i«,<»l,it*‘tj niiiil ]9ijn 
' \ icli.ilili' (Ictcnnin.ition i-. sfill w.iiiNd 


//'t's III,, I, l«0j, II 2 II. 11,1017, lii.iumi, I'toc S»c , 1 .^ 98 , 14 , 72, 1901, 17 

nt) , Aljfggs Hiiinllithh, \ul .i |i.iit 1, |i J7l), lloudou.iiil, i'oiiii>t mid , 1898 , 126 , 900; 
Jones, liii>i ('hem J , 1 20 , 3 1.5 , />ils<h (un'i'f ('hem , 1899, 19 , .*129, Hull, ihid,, 
1905,47, Kil , Hiiliiibi'ig, ihid , ll'Or, 53 , 121, F< It .tiid Pi/ibjlli, ibid , 1906, 50 , ‘259; 
H.ixti I anil Chajiin, ./, tmn I'h'm Ae. , ’911,33, 1. 

Praseodymium — V in r \ on W'clsbn h, A« ut , rii.imn*i, /'/m Chi m .S'.« , 1.898, 14 
70, I'.iOl, 17 , Ij 5 , Abegg’s // w/oAm/A, \j» 1 |i.iit 1, |i ‘29.1, Join’s, Ain,r ('hnn J , ]«98 
20 , .ll.'i . viiii At lice] I*, k>.iff>i'Il Itilotif ('h>m , l.'' 9 s^ ly, ;no , Ft it and ri/lb\li.j, Und., I'.iOO 
50 , ‘258 Hdxtci and St(M lit, ./ Amet ('hem .S'i« , 1915, 37 , 510 

Samarium Miingnuc, .//<A Sn. fihih n'lf , 1880, Im ], 3 , 435, Ann ('him rhys, 
I 8 S 0 , |\ ], 20 , 5.15, HianiiCi, 'rmn'i ('hnn Sur , l''.^!, 43 , 278, Clwc, thid , 1883, 43 , 
362 , ilciicndt'if, Annaiiii, l.SOl, 263 , l04 , licio.jd<- Hoisb.iudi.in, ('ompf mid , 1892 , 114 , 
575, Dcniaiyiiy, ihid , 1896, 122, 728, I'lOo, 130 , 1019, 1185, 1109, 1901, 132 , 1484 , 
Miitlinuiiii and W^ls^, Annnlen, 1901 , 331 , J 6 , Uil'ain and Ij.i(oinbc, ('umf>t nmJ., 1904, 
138 , 1166 , Uibaiii, J ('him phy-, , 1909, 4 , 1*20, Matigrioii, ('om}it. /end , 1905, 14 Z, 1‘230 ; 
Kelt and I’lzibjll.i, ^€i/,vh anonj ('hem , 1906, 50 , 25''. 

Terbium — Uib.mi, Cnmjif lemf , 19')6, 142 , 957, <■/' Fut, /ntsch niunq Chcia., 
1905, 43 , 280, IiCCo(| do Hoisliaudi.in, Cumyt nnd , I 8 b 6 , 102, 395, 181, 1‘'90, III, 
474, I’otiatr, Chnn Neni, 1905, 92 , 3 

Thulium — Clcvc, ('umid jend , 1880 . 91 , 329 , Uibaiii, ibid , 1907, 145 . 759 
Ytterbium (nooyt(cibiiiin). — lllunicnleld and Iljbuiii ('uinjd inid , J914, 159 , 3‘23. 
See also tin* releicnccs given undei lutcnum Foi tin- *‘atuinie wt iglit " of old “ v ttu binm,” 
.see Nilson, Cumpt inid , IS.’lO, 91 , 59 , A stud (7lcve, Zntheh a/io/ij Llum , 190‘J, 32 , 129 , 
Brill, ibid , 1905, 47 , 164 , Hiauiici, Abegg’s Ifundbnih, vo] 3, j»arl 1 , p 335, tJ aim E, 
Urlmin, Cnmjif. irnd., 1901, 132 , 136; Felt and Pizibylla, Zcitsrh. anonj. Chm , 1906, 
50 , ‘261. 
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ATOMIC WEIGHTS OF THE RARE EARTH ELEMENT S-confimud. 


Date 

Autlioiity 

Ratio Meusuied 

Atomic 

Weight 

Inter- 
II itional 
Value 
(1916) 



VriKiuM. 




1882 

f’luvo 

V,,Oj Y,(SO.), 


89T2 

88*7 

1895 , 

1 Jones 

V,O,.Y,(S0.), 


88*97 


191.i 

E .1 Me>ei 

vy> Y,/sp.), 

\ 

» 88*70 



i WiioriiiiMi and Wciiihebei 

\ 0 , • Yji >3 

) 



1913 

j 1 ''gin and 1 ’ like 

V,(jj 2 VCI 3 


; 9C-101 



^ PioliiiiiTiary lesulU, aii<l a*liniLl(Mlly a lilllc 


Yttrium — I’ciliii , Shind Nat Ayot , 1 860, p. 402, Popp, Annalen, ISiJI, 
131, 179 , Di'Iafontinif, ihui , 18t)5, 134, 108 , Aidi Set phm nut , ]8b6, [11.], 25, 119 , 
Balir and liunson, Aminlot, 1886, 137, 1 , Ch'vo and Hoj^lund, BUianq K SirnsLa Vet - 
Akad Hiiiidl., 1873, No 8 , Clow, ifnd , 1882, No 9 , Bull. Hoc chtm , 1883, [11 ], 39, 
120, 287, (^ompt rend, 1882, 95, 122."), Jonei, Ainer C/tem. J, 1895, 14, 151, ('hem 
Newt, 1895, 71, 805 , iMulliniann and Holirn, Ber , 1900, 33, 42 ; G and 1C Uihain, Ivc. at . ; 
Brill, /nr at , Foil and Pi/ibylhi, %ed<,rh. anorg Chem , l‘Hi6, 50, 262, R J Moyer and 
Wuoimon, %bui., 1913 , 80, 7, R J. Moyer and Wemhebei, Ber., 1913, 46, 2672, Egan 
and llalko, J. Amer f^hein. Sor , 1613, 35, 365. 

It is ih/licult to form any piocise estimates of the possible eirors attaching 
to the atomic wen^ht \aliics chosen for the raio ^caith elements by the 
international committee. Jt is possible that the values ascribed to cerium, 
praseodymium, ncodyminm, dysprosium, euiopium, gadolinium, tferbium, 
samanuin, yttrium, and yttcibium do not err by moie than one- or two-tenths 
of a unit from tlie correct values, and that in three or four cases the error 
does not e\ei'ed one or two units in the hocoiid decimal , it is possibly 
piemature (o evpri'ss the value for eeriuin to two places of decimals. In the 
case of lantlianum tliero is a discrepancy of nearly thrcc-tcnths of a unit 
between the values of Jones (I.'IH 73) and Brannci (103 0“)), and the evidence 
in f.ivour of the lowei value is at least as convincing as that for the higher 
(■onsidciable imccrtamty also attaches to the values for erbium, thulium, 
and lutecium, while additional determinations aic leipnied to cheek the v-aliio 
asciibod to holinium. No values have yet been publi.slied for the atomic 
weight of cell Him ^ 

Classification of the Rare Earth Elements.— Tn dealing with this 
subject it is coinenient to commence by a discussion of how' the elements 
of the r.ire eaiths fall into line with the most popu'ar of the classifica- 
tions of the elements, namely, the l*criodic Classification as arianged by 
Meiidelcelf 


^ The most satisfactory determinations recorded in the piecedmg table are un- 
doubtedly tlio (Ictenninatiuns of the atomic weights of neodymium and {irascodymium by 
Baxter ami bn co-workers. Foi niuio completo discussions of the atomic weights of the 
rare earth elements, the le.idei is referred to Ularkc, A Reralcu/ufion of the Atomic fVeiqhts 
(“Smilhsonian Miscellaneous Collections,” vol 64, No. 3, 1910); Urbain, Bull Soe chim , 
1909, [iv.], 5 , 133; and tlie vanous articles by Brauner m Abegg, Handbuch der anor- 
gatiisdien Chemu, vol. S, pt 1, 1906. 
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Let it first bo supposed, then, that the Poiiodic Table as usually drawn 
iip^ IS coireet Then, sineo it must presumably bo supposed that tlie eij^hth 
hon/oiital low contains tliioe tiausition-eleineiits in the (Jiouj) VIII space, 
there aie twenty vacant spaces between baiium and tantalum, wailiii},^ to be 
filled by one inoit {'as and nineteen otiier clcinents For these ^a<■.lnclOS the 
atomie wm^'ht ran{j:e is sindi that it includes the aloiuie \vei<'hts of the rare 
eaith elements, yttnum beint' ixcepted - The laic eaith elements must 
theiefoie 1)0 plaecd in these vacancies, for, on the one hand, no othei places 
are a\ailal)le, and, on tlio othei, if other pl.ieis weie a\ail.»ble, those in 
question would still have to be tilled, and it is dillicult to l)elie\e that 
nineteen metals of suitable atomie weights still await dise«)\»'ry 

ft K’quiies, howe\ei, Imt a spi^lit knowledire of the chemical and physieiil 
pro{)erties of the laie eaith elements to lealise that wlien tlieso elements are 
placed in ]M)sition in tlio table as md ic, it ed above, it can no lonj'i'i- bo said 
that tlie ])io])('itics of the elements aie peinulic functions of then atomic 
wciubts, 1 1 the IVriodic r.aw bieaks down Siieli beiiif' the ease, it seems 
hardly woith wbde to altemjit any detailed discussion of tlu' jiiceise places 
the laie earth elements nnisl oceiipy in tin* table, and tbeiefoiM onl} a few' 
woidswillbe said upon the subject. The best airaii{j;emeiit appeals n) bo 
the follow iii*^ — ^ 



I. 

II 

III 

IV 

1 '■ 

V. 

Ml 1 VIIT 

VII 

Ag 


In 

Sn 

1 Sb 

! 

1 Te 

I 1 

1 

Mil 

(’s 

III 

La 

Ce 

iPr 

Nd 



i Sill 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 1 

X. 

1 Tin 

' Yb 

Lu 

Ct 

T.i 


j Us, Ii, Pt 


This ariaiii'emeiit is 111 iiai moiiy with Moseley’s woik on the Ini'll fieipieney 
speetia or the elements, acei/idni'' to which the scipiem'c of atomic nuinla'is m 
as lollows - * 

lia, La, ('e, I’r, Nd, Sm, Kn, (Jd, - , Uy, Fr, -, Ta, 

the blanks denolirif' niissiiu; elements It alsoairrees with the obsei valionsof 
IIicks,'’’(i ) 111. it the line spi*etiaof (M, Fii, and I Ii^ e'tliibit (iijilet senes oi the 
sbaipand dilliise iNpe, the triplet inte!\als}»eiui'a|)j)io\imately projioi tional to 
the sqiiaies of the jitomic weij'lits, (n ) that (hi exhibits doublet series similar to 


^ Si'p Kri)iitis|npcc 

® It has bicii iilioady poiiilpd out that yltnura ni.i} nudil} be found .a place in the table; 
sor p. ‘2'3.S 

* Uydberg, Lunils Unir Ait'^hift, N F , Afd 2, 101.3, 9 , No 18 , / Chim pfn/a , 1914, 

12 , , /iVf gf7i sri., 1914, 25 , 734 , Fhif. Mag., 1911, jvi.J, 28 , 114 , Hicks, l‘lnl Mag., 

1911, [m 1, 28 , 139 This .iriiingoiiicnt difli'is < misider.ibly fioin that given hy llr.iiiner, 
ZeUsch Khktn chrm , U'nS, 14 , .'.‘J.') Kj'llnii:, )i(m<\ei, piefers to lejeet Aieinloleetr» 
aiiangenieiit and ad(i]it an nigeiituiis labh in whnb the elements uie aiiangeil in four >>61168, 
rontaumig lesp^cll\^■ly 4, li), 3'i, and 64 oleiiUMU‘#( 1//*, where ;> = 1, ‘2, 3, and 4;. ills 
table IS lepioduced in Hicks’s papei 

^ AloM'Iey, Phil. Mag, 1914, [\i J, 27 , 703 , sco also pp. 31*2, 303, ami Vol. I, 
Chap. Mil 

* /f eh meiits Moseley did not exinnne Moseloy also wntes Ho in mistake for Dy. 

* Hicks, Phil. Tran^ , 1912, A, 2V1. 58. 
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those of AI, UjijiiMd Ti, arifl fin.) tluat Sc, Y, La, and Yb ^ also show doublet scries. 
It cannot, hnwexor, be n'concdcd with the other physical and the cheniical 
pioperlics nl till* elenu'nts, but Ihisapplios to every other similar arrangement. 
It slioidd be pointed out that the arian^ement given assumes that terluum and 
thiilmin an* true elements, points that have lieen disputed, and that Maiigiiae’s 
“ytteibiiim ' iseomposed of three ek'uients, ytterlmim, lutivium, and celLium.- 
Moreovi'i, ills m'l essaiy to assume that Senes VIII. contains no transition- 
elements, and that an unknown rare eaith element exists, the atomic weight of 
which lies lietw'ecn the xiibies foi neodymium and samaiium. 

So far it has licen assiimi'd tli.it Meudelcetr's aiiangement into groups and 
senes is conc.-l, and it is evident that the assumption is by no means satasfae- 
tory, since of the i.m* eaith elemontsonly yttrium, lanthanum, and cerium can 
be readily fitted into the scheme. It is not surprising, tliorefoie, that attempts 
have been made to im[)iove matters by suitably modifying M(‘ndi‘leetf’8 anange- 
nient Those* attempts w’hich alter diat an.ingement least aie based on the 
UHsiimfition that all but om* oi two oi the r.ire earth elements may be placed 
en ftUn' in a single place in the t.ible ^ The arrangement proposed by Benedicks, 
for instaiu’e, is as follows — 



J 

11 

III. 1 IV. 

V. 

VI. 

vn 1 VIII. 

VIII. 

Xe 1 (’s 

iU 

Li CV, I’l, Nd, Sill, Kii, (}<l, etc 

Ta 

i w 

- jOs, Il,Pt 


and lias tlie obsious disadvanlage of meliiding most oftlier.iro eaitb elements 
in dionp IV msti'.id of in (Loup 111 .as tli(*ii \.ileiiey mdie.ites On the other 
hand, to gionp all the r.iie eailh elements except cemim in the (lioiip III 
position IS to di'pat I tiom theatomie weight seipienee Jhanuer's lUOJ nioposal 
was (*\piessed in teiins of an hypothesis the piecise meaning of whicn is not 
very clear, indeed, it 1ms be(*ii said tlmt it “belongs to the realm of pure 
fantasN ‘ f:5trij)[)(‘d of its hypothetical garb, however, the proposal is identieal 

witli tlmt adviKMti'd b\ Benedicks 

At the timi* when thev were published, thepieceding proposals eoiild only 
bo VK'wed jis makeshifts, similar to the arrangements ol the ti.insition- 
eloments in setsol thiee m Oiouj) VIII Kss(‘nti.dly the same idea, vr/ ,lhat 
the laii* earth elements fonn a tiansition group, is e.xpre.ssed in Ihi* anange- 
ments of .SLi*eli' and Werner, altliougli these eli(*mists modify tlie n.iliiio of 
Mendeli-etl’s tabh* considerably'* Modi'in w'ork on the radio-olenienis, liow- 
ovei, has shown that it is often neee^saiy to .a.ssumc that several elements 
oeciipy one and the same place in (he Beiiodio Table, an assumption amilogous 
to the ])reccding Howe\ei, tbeoictical views concerning the stinctiiic of the 
atom indicate tii.it this only aiises when sexTral elements possess the same 
“atomic number,”'* and the \iew tlmt the rare earth elements ha\e the .same 


' Old \ttiil»iinii (Yh, liU, iiml Ct) (?). 

“ Tlieso (pn‘..riijns .iir disiMism-d l.itfi fjip 358 -305). 

^ Hniiinvr, rhfm ZnVr 1900, ii .5J1 ; J U\m. Vhy'i. Chnn 1902, 34 , 142; 

Zeitsch anoig. Chnn , 1902, 32 , I ; H.*nedirks. ihvL, 1904, 39 , 41 , II Ililt?, Btr , 1902, 
35,502, K .T MiwPi, y((funnsti>'h..cfiuftrn, 1914, 2 , 7.M. Sn* {ilso Kctgei.,, Zcifsch. 
pkyS{/(tl l^hem , 1895, 16 , 051. 

* Wyii'iiboll niid VViiiniil, Ann Chtm Phys , 1906, [m j, 6 . 160 

“ Steele, ('hem I'lOl, 84 , 245, Weiiiei, Bn , 19i'5, 38 , 914. Aew Ideas on 

Inoryame Ohrmntm, Irans. by Iledley (Longman k Go , 1911). 

• See Vol I Cli.i). VIII 
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“atomic niiinl)cr cannot be lecouciled with Moseleys obsenations on high 
frequcMicy sjKCti.i 

So far, then, as a (‘onipreluMiMXc rlasMlication, nn'linling all the Ixiiown 
olciiuMits, IS coin L'lm-d, tht* lau* r.ulh int't.iK oiler foiinnl.i!)lt‘ (IiIIh-uIIu's 
'riie ])iol)Ii’ni of the inli lelas-'i'iealion (»t llu* laic oaitli fleincnl^ i*^ not in 
a niueli beltei position, judged liom the pnrel\ seiontiHe standpoint 

The early divisKni into ceiite an<l i:adolinite oaitlis, ba.se<l upon tlieir 
mode of oeeuiieuee, dales fioni tlie tiiiK'wInn Imt .six ot these ea it hs were 
rec«)gnised It dnided the laie eaitli eleim-nts into two gionj)s, the metals 
of the rmvm ami nth mm ifmiijm lespei ti\(‘ly 'I’ho Mihse(juent diseo\eiy 
of the lemai kahle eoniple\it\ of thie(‘ ol these eaiths wa.s also associated 
wiih the* ol)s(>i\atioii that the piopeities whieli di^l mgni.shecl ihe eei iti‘ and 
gadolmitc' (Milhs laded to •■Ih'ct a sli.np dnisioii nit<» two gioiipN .iiid an 
niteimedia*e gioiip ol /< > Am w.l'^ leeognised, pailic iilai 1\ h\ Maiigiiac 

and Lc'eoii de Ho ^haiidiaii 'I'li" iiiipoi taiiee of tins gioiip, h()wi*\i'i, as rihain 
lias leiiiaikc'd,* was little apples lahd loi a eoiisideiahh' niiiidu'i of \eais, an 
(‘iroi that eoiil 1 ilaitc d .iptuec ialil\ to 1 hc' i c inai kahle c oniiision into u liieh the 
eheniistiN o| tlieiaie eaiths was tin omi lliionehont tiu'pcoiod ISTS to lt)l)(). 

\\ ith the ieeoirnili(ni of (he* tei hi i c -n ths as an iiiteiinc*diate ukhijj, it is 
possible lo di\ ide the laie eaith eh iihmiIs into thiee gioiips .is lollows - 


Con 11 til Ciou|i 
lianthanuiii 
( Viiuni 

I’raseodyninini 
Nec)d\ mnnii 
Sanianmn 


'loihlUlil (•loiij) 

Kiiro{)iiini 
( •adolininin 
Te* h inn 


^ Itiiuin Cioiip 
iHspiosnnn 
lioliiiHiin 
^ ttinini 
Kihiiiin 
Thuinnn 
\ tleihiiim 
laitc'einin 
( Vltinin 


The yttmnn trionj) is sonietnni's diMded into paits, tin* \ltiiinn gioiip 
jiiojiei (V, h, l.n, Ct) ,nid the nltunn (Dy, llo. Tin, I'll) 

The follow iiii; (lilleience'» may he noticed helweeii tin* piopeiln-s of the 
eompoiinds ol these thiee gionps - 

(i ) 'riio platnioe>aiiides of the eu mm < 111(1 teihnim gioiqis an* snniliii ni 
composition, Imt dillei in (.iNstallme loim, eoloui, and degree of hyJi itioii 
fiom those of tlie yttiiinn 'jioiip (p L'TJi 

(n ) The doiihle eompoiinds ‘Ulg((J.N) , 1 ‘JH ,0 are inorioelinie in 

the eel mm. and trielmie in the Mtiium unaip (p 'll!) 

(in) Tin* silieotnngst.ites of tin* loimnl.t M,(\\ , ,.SiO,j,)., 81 [f /) and (he 
acid silieotmigstales of the loimida Mlf(\V, SiOj„) ISH,(t aie missing m the 
ytlinim giouji, while the .leid niMs ol the foinnda I'M ll( Wj^SiO^,,) are 

missing in the eeriinn Loonp fp 

(iv ) The nitiales of the im lals of tlie eeimm and teihiinn gionps form 
double iiitiates with the intiate"^ of uni- and hi valent inet.ils, hut the 
nitiates of the metals of the Utnum gioup do not (p 200) 

Otlier double eoinpounds of the nitrates ma} be also dixided into gioups 


* Sug^'fsted by \aii cIpii hnjck, Vial Muf ,1911 [\i.I, 27 , 1.'5. 

- Tin’ pnsitioii uf the MIC ('.‘iifli rlcii.iiils ill the IViiocJk T.ibh* i.s .dsn rliscnsscci by 
Riifloif {Zfitsch, (ino)g. ('hem , 190 J, 37 , 177) , and by Harkins and Hall {J. Amer. Chem. 
Soc , 1910 , 38 , 169). 
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Thus the componnfls with antipyrino appear to be of the type M(XOg)j. 

i?i tlic cenmn and M(N().,)j 40, ,11,., OX, in the yttrium jjroiip.i 
(v) The double sulpli:itt‘8 of potassium and the metals of the eeriutn 
group ar(‘ msohiblo in a cold, saturated solulioii of potasMum sulphate, in 
the ease of the teibium gioup they are s[)anngly soluble, and in the case of 
the yttiium group leiidily soluble (p. 201) 

(vi ) 'riio double caibouates of the alkali metals and the metals of the 
cerium group are decomposed bv water and dilute alkali earbonates, but not 
by coiieentratc'd alkali cai Iriiuatcd , the coi responding double salts in the 
yttrium gioup are. readily soluble in and not decomposed by dilute alkali 
carbonates (p 271) 

(vii ) The o\alales of the metah of the cerium group arc only slightly 
soluble in hot, coneontiated ammonium oxalate , those of the yttrium group 
are more readily soluble, and double salts may bo crystallised from the 
solutions (p 271). 

The f)i(*ceduig dilForenccs arc not of a very fundamental ebaraeter 
Moreovei, dill'eioiKcs of a similai chaiacter maybe pointed out wliu'h are 
not in ac('()idanc(5 with tiio classification into Iho cerium, terbium, and 
yttrium giou[)s - 

In otlier natuial familu's of ehunents, e</. the alkali or the alkaliiio earth 
metals, piogri’ssno xanatiori in pioperties usually follows the order of 
increasing atomii; weights. The same statement cannot bo so confidently 
affirmed in the case of the larocaith elements, for yttiiiim is tlum comiilc'Icly 
removed from the elcinents which chemically it most closely lesemhlcs, 
namely, holmmm and erbium Excluding yttrium, howe\oi, it may Ix' stated 
that the solubilities of coiTOSpondiiig salts usually follow' the older of the 
atomic W'lMglits of the raie e.iilli ebMiients (see p 32.5), that the atomic 
weight scrpieiice places the terbium gioup between the ceuum and f-ttrium 
groups, and that the same arrangcMiient bungs samarium and (Mno[)iiim, the 
only two rare eaitli elements known to foim dcnvatnes of the t\ pc MX ,, 
next to one another There aie, liow<*ver, sexeial iiidiealioiis that the 
atomic weight si‘qiieiice is often associated not with a progiessnc*, hiitwitfi 
a jicnodio v.anation m properties, see, for instance, the magnetic suscejiti- 
bilities of the oxides (p. 257), the. meUing-poinls of the chlorides (p. 253), 
and the molecular xolumes of the ethylsulph.iles (p. 279) 

COMl’(K\NM)S OF THE R.VllE E.VtlTlI ELEMENTS. 

Tlin gie.it majoiity of thc.se eompouiids aie sails dcincd from a senes of 
basic scs(pii-o\idc^, Three lower halides are known, vi/.. Sin(3 , Smf,, 

and l'ail'l_, m which llu> metals may be biv.deiit, but the molecular weights 
of the compounds aie not known Ceiium foiins a senes of componnfls in 
which it is (luadriv.ilcnt , prcsnm.ihly praseodymium i.s also (juadnvalcnt in 
the dioxide IhO,. 


* Kolb, Zeihch anorq Chnn , lOl'l, 83 , 1 13 

® SeP, c.jj., the coinpositinns of the stluoalos and 1 -4 ; 2-biom()nitiubcnzPiiPbulplionates 
' (p; 281). 

" See also .Tapgcr, Proc. K. Akad, H'etensrh. AvwU'^dam, 1914, 16 , 1095 , lice trav. 
ch%m , 1914, 33 , 342; 11 ,T. Mpyci, Nahirwi'^enschaften, 19U, 2 , 781 A few [ihysiral 
properties ajipear to be ainunalons, c q rhe inolf'cnlai volume of ccious etli}]siilj>bate (p 270) 
and the molecular volumes ol the double lutiates of neodymium and praseodymium of the 
type 3 M"(N 03 )jj 2 M"’(NO,)n 2111,0 (p 270). 
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So far as the derivatives of the sosqui-o\ides arc concerned, the rare earth 
elements appear in tln'ii eheniu'al lel.ition.s to be internie<liate between Iho 
alkaline eaith niel.il'i and inagncsiutn, wliilc also beaiini' suino le^einblance 
to iron, aliimiimiin, and ehioniiiiin The colouis of the salts are as follows . — 


Lanthanum, colourless. Europium, pale rose. 

Oeiium (ous), colourless (iadolininm, (‘olourless. 

J^rasood} miuni, |j:reen. Terbiiiin, eolouiless. 

Neodymium, led to reddish- i>y{sprosium, \ello\v to 
violet greenish yellow 

Samarium, topaz yellow. llolmium, yellow to 

oiange. 


Yttrium, colourless. 
Erbium, deep rose 
Thulium, gieen. 
Ytterbium, eolouiless. 
Lutecium, colon) h'ss. 


In a geneial way it may be said that the salts ha\c the propcilics that 
would be anticipated of salts derned fiom faiily strong bases Of the 
commoner salts, the lluoiides, lodates, chromates, phosphates, caibonates, and 
oxalates arc ptiicl icallv iii’^olubh* m water at the oidmary tempeiatnu*, and 
the biilphales are but spaimgly soluble.^ Corresponding salts of the rare 
earth eleinerils aie ficrpienlly isomorphous; numerous instanees aie cited in 
the .siieceivliog ])ages 

It is often l\)und that when eoiresjxmdmg salts of the laie earth eleini'iits -uo 
arranged m older of solnhility, the ordei is identical willi the oidei of alomie 
W’oights of the eontaiiK'd metals, witli the e.xeeption of yttiium, whieli (‘omes 
bntwodi liolmuiinand oihiiiin Tins matter is discussed mme fully in Ihe next 
chapter (see p .'Ll/)), 'llie order of aiiangi menl La, ('(*, Pi, Nd, Sm, Eii, Od, 
Th, l)y, Ho, Y, Er, Tm, Yli, Lii, Ct is sometimes <*on\enientIy spoken of as the 
setiai Older of tho lare eartli elements With leferenei* to the Miliilnlilies of 
the laie earth salts, it is inteiesting to note that sexeial seii<‘s of salts exhibit 
the unn»mmon piopeily of being less solnbh* in hot than in cold watcu', c.y. 
the lijdiated siilph ites, double sniph.ites, and diinetlix Iphos]. hates. 

With leg'iid to the foimalioii of double salts, the rare I'ailh eoinpoundH 
jiresent s<‘\erid points ot inti-iest I’hiis, numeions donhle iiitiates are 
known, although outside tlie iiehl of laie eailh eheinistiy such salts arc 
veiy uncommon Of moie interest aie tho double .salts containing two 
dilleiont aeid radicles, v <i lanthanum oxulochloride, Laj((y>j){ haOI.^ 7^ H_,(), 
oi 2La((y .^)II /) as it is moie conveniently written In .addition "to 
oxaloeliloiides, tlieic aie known oxalomliates, oxalobiomides, oxalo nxlides, 
oxalosiilphates, nilratosiilphates, M( \<),) !sO, H .0, and ehloioeaeodj fates, 
2M[(CTI,,), AsO..]^M(T, L^Il .O 


'I’llK i’MlIC ExUril I'h.KMI-M’S AM) JhuilOGKN 

Hydrides, Mil, -The laie eaith metals eomlune diieetlv with hydrogen, 
as Winkler and Maligno'i have shown - The lallei obseived that theh}dride8 


^ For moasuicMKiils of tlx; coiidix tuitips of i lu* c.iilli s.ilt 8 , see Muthrriann, Per , 1898, 
31 , 18*29 , Ley, Znis-h jihihikal ( hnn., 1899, 30 , ItCl , Kmiluch and Sthuhi-it. ihiil , 1909, 
67 , 183 , Aufioclit, Inaugmnl ( IJpjImi, 1904) , Jones and Ilecbe, Amet Clmn. 

IMI'S, 20 , GOd , Jones aiiil AII'Mi, ibni 1 S‘* 6 , 18 , .121 , A A NnyeM and .1 JuliiiBton, 
J. Ainer Chrin .S'nr , 1909, 31 . 087 , Ibdnil'i’ig, .trA/ifc A>/// Mm , 1903, 1 , 1 , J.mtscli 
and Uninkiaut, Zritsch anouf Ch-m, Il'l'l, 79 , .'iO.*) , A Hcxdwnllei, //v./t jihysdnl. 
Chem , 1915, 89 , 281 For a seleciinn of mnnciiial results, see uixh 1 the lieiiflnigs ot the 
Tanuiis metals. 

* Winkler, Per , 1891, 24 , 873, 19G6 (La, Ce, Y) , M.itigiion, Compt tend., 1900, 131 , 
891 (La, Ce, Nd, Pr, Sm). 
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are rcarlily fli.ssociatcd l)y lio.it. Miithm.iiin, Kraft, and Bock have prop.ared 
vario in liyrliidi's liy lliu direct union of metal and hydrogen at 2 J()*-270“, 
and find lliaL tluM‘ coinpounds .are of the typo Mil,,, e\cept the iioodyminm 
coiniiDiind, which is -Ndll^ ^ Tlio li}dridenare brittle, amoiphouh solids, the 
cerium and l.iiil h.iniim oompmmds being bhiish-blaok, the iieodymiuiii com- 
pound blue and the pi. iscoch iiiiiim compound gi eon m Ooloui The 

atomic he.it of hidioeou m oonum and praseod\mium hjdiirlos is 2 l.“ 

Till-: ItviiK Mviinr Ei.KMKNr.s and tiik EijioitiNE (Juni'p. 

Fluorides, ME., -'rhe .iuh\di<ms IIuoikIos are jm)ducod by the action 
of iliioime oil the e.iiluflos (Mois'..iii », and by heating the o\idcs to lodno.ss in 
a cuiK'iit of hwliogeii lluoiide ‘ Ilydialisl fluorides in.iy be pieji.iied by 
double deeoiiijiositioii Aet oidmg to Ilirhcli, ‘ the best pioe.'diiiu omsists in 
adding coneeiili.itisl li\diolluoiie .leid solution to .i hot .solution of the ehloiide 
eontiiimiig very little fiee bvdioehlone .k id The pieeipitiled Iluoiido is 
washed by (hsMiitatiou, twiee with hot watei and .se\i*i.il times with ‘Jo 
per eeut .ileobol, and e(‘ntiifiii:ed till pi.ietieally fieo fiom ah-obol. The 
anhydious lluoiidi' m.iv then hi' oht.iiiK'd hy eoveimg the pioduel with 
ab.soliiti' iileohol, e\a[)oi.ilmg to dryness, and heating the lesidue (list at 100’, 
and liiiall} .it L'OO ', 

The jiieeipitated lluoiide.i are, praetuMlly insoluhle in w.itei ami dilute 
mineral .icids in a huge excess of hot, eoneisitiated hydioehloric and tlii'y 
aie pciee[)lihlv soliihle, the llmuides of the eniumgioup hemg moie .soluhle 
than those of the \t(iium gioiip In simihir oiieumstanei's the lliiorides 
of thonuiii and scmikIiuiii aie mu<*h le^s soluble 

The fluorides of flu* i.ue «‘.iith (‘l(‘meiits eri stallise m the euliie s\ stem 
.and aie isomorphoiis with lluoispar, in whieli minei.il they fieijiientlx occur m 
traces (se<‘ pp 2 1 7, 2,‘> 1) 

Chlorides, M(M, --Tlie .'inhy<li<ms ehloiides may be prcpaied m the pure 
state liy the tollowmg methods 

(i ) Delndiation ol the Indi.ited salt, by luMting the latter to 10.’) -LW* 
in.aeuiUMit of })uie, div hidiogeii ehlomlo {t.iking care to avoid fusion of 
the hxdi.iteil salt) ui.lil no moie watei is given otf, ami tlieii beating tlie 
residual moiiohxdi.ite, ME) ,.11,(1, to l.SO-JOU’ in the stieain of g.is .is before. 
When w.iler ee.ises to he gixen oil, the tempeiature may be i.iised until the 
clilondo fuses 

(ii.) t’oiiNeision of the oxide (sulphate or oxidate) into ehloiide by heating 
it in a eiiMeiit of disiilphur dieliloiide xapour" Tlie process is st.arted at 
200" and the tempeiatiiie slowly lai.sisl to a point about 50 below' the 

‘ Mulhiiiium iiiid Ki.ifl, Jiinnlni, 190*2, 325, 2G1 (Li, Cid , Mutlim.iiiu .iiid It-rk, ibitl , 
1904, 331, ,0S(N(1, 1*1) , s(().ilv> Miitlinuiiii und IJaui, Aiinahn, 190J, 325, 281 (hii, (V). 

“ Ki'lU'iiheigr’i ,uiil Kiall, Ju/ia/en, 1902, 325, 279 Trujpei.itUM- 1 inge not sUiied. 

® ViUi lla.igoii and K F Smitli, ./ J/nfr (Viiin /Sor., 1911, 33, 1504 (La, Co, V). 

* Hiiscli. ./ hiii Knif ('/h'm , 1911, 3, 885 

“ Sor iiiidci Sninduiin, p ‘207. 

.Matignon. .inn f'hiiii rhi/i , 1900, [viii.], 8 , 364 (general), 243 (X<1), 3S6 (Pi), 402 
(Sm), 426 (La), 483 (Vi, 110 (“ VI)”)* Cmnpf. teml, 1901, 133 , 289 , 1905, 140 , 1637 (Nd); 
1902, 134 . 427 (Pi), MO.S (Sm, Y, “\l)”) , Baxter and (Jha])in, J. Ann’r. f'he i Soc , 1911, 
33, 1 (Nd) , Baxtei and .Sti-w.ut, ibul , 191.'), 37 , .516 (Pi) , cf. Maiigiiuc, Ann ('him P/nis , 
1853, [iii.J, 38 . 148 , llcMin.inu, J firnkt I kem , 1861, 82 , 385 

7 Not a niixtiiio of sulphur cliloride and chli>iine. since in that case the jiioduet alw'ays 
oontains oxy.liloride tli<it eaniiot be cuiiieilcd into chluiidc. 
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melting-point of the chloiidc. Finally, the chloiido is fused and fodled in a 
cuircnt of diy liuliogcn rliloiide * \ lapul inctlmd of |)ifp.ii.itiiin, which is 

csscntialU a coinhin.ilion of methods (i ) .ind (ii ), Cl)n•^l^ts in t \.i[ioi.iting a 
solution of the chlondc to diuicss on the .sand-h.ith and healing the solid 
residue in a curiont of diy h}diogen ehloiide and diMilphiir diehloiide 

(ill ) Convei Sion of the o\idi' into chliuide h\ heating it in a slH aiii of 
carhonU chloiide" oi a niixtiiK’ of caihon niono\ide and chloiine, ‘ oi in a 
sticani of eaihon tetiaehlonde \aj)oui * 

(iv ) Coineisuai of the oxalate into ehlonde hv heating it eaiefiill\ in a 
sheam of diy li\ iliogi'ii t hloi ide ’* Tho oxido max he sinnl.ii 1\ e«ui\i*i(i'd into 
the ehliiiide at a led lie.it, hut it i.s pi.ietoMllx inijiossihli' to eaii \ out the 
eonxeiNioii (puintitatixely '* 

'I'he anhxdioiis ihloiides aie foinnd when the nu'l.ils aie Ik.iIimI in 
ehloriiie (ii hxdiogen ehloi ide,' wh(‘U thee.aihides aie he.iled in ehloiine,'' and 
will'll the siilphales aie heated in (hhuine oi hxdiogeii eliloiide,'' hut these 
pioei'sses aie of lilth' x.iliie as nndhods of piejiai.dion. e\« ept, ptihaps, tho 
sulphide method h'lii thei , llu' i l.ts>,ie method oi h( atimr .i mixtuie of tho 
oxid(' .111(1 (.iihonin .i stie.uu ol (hhuine i-n (*f iiopiadieal \.due, since tho 
chloiides ai(' non vol.itilc at a ltd Ik .it 

Till' anil \di mis ehloi iih's .m '-oIkIs whieli mi'll .it a ml hi .at and i i x stalli.so 
on cooling Tin* densities (.it n ) and melting points aie gixen li\ limn ion as 
follows (melt iiig-iioint of x ttiium < hlmide hx M.itigiion) • 



haf 1 , 

C.cl. I’lM, 

Ndn S.nd, 

(idd 

ri.(’i 


MI, 

Densitv 

•; 7 <) 

•1 DJ 1 07 

111 1 

1 :)j 

1 . 1 '* 

117 


M pi V. 

SDO 

.^Is SlO 

7 s 1 <)S0 

hjs 

TiSS 

(ISO 

. tnSt) 


hiK 1 ■ 

hfiisitv . 1 ‘.hS 

M.pl .'‘■•.HI’ , Plh 


AcLoiding to Matignon, the delimit n -n .it l^ .no .i^ lollow'- 

I i ' 1 I’.t'l \.|( I, Smi' 1 . V ('1 
•!!)I7 1017 111):) 1 H.a 

The xol.ililitx ol the (Idmidi'sat .i id he.it !>. xeix slmht hut the i lilmiduK 
of the xttiiiim gimip .iie distnutlx moie xolatih- than tlio'-e «»l thefeiium 
gimip 

' lini Chun /’//T/^ , |\iii J, 20. TilT , 2i, 10 'hsi (V I'l Nil. Si, (!fi, 

Tl), 1)\, Yli, Lu , tf Matiaiinn .iiid hi>iai<Mi, Lomyt 138, till , Maligiinji, 

ilnd , T1O5, 140, 1181 , ISJi) 

OliiiuvPiK t, Ci‘inp( ujid , 1911, 152 , '*7 

DkJici, rend t 188 .'i, lOl, 8''-, Ann Iin ] 4, C.'i ; 

Diilmin, ihid , 18 S 8 , [m ], 3 , 41fi , M{itigiH)n . 111 .] I >( li'i'iin', c„)ii}d und 19"1, 132 :i7 

* Di'mao.a}, Compf lend , 1887, 104 , 111 , ihid , l‘'f'7, 104 iiJ 5 , 106 , 

107‘1; L. J!i'r , 1S87, 20, 1581 , Matignon .md I )( h-piiif, hr nf 

'■ Robins(»n, Vrot lion 1^84, 37, I’O , Chun Acj/s, l''S4, 50 (• ' ) 

Matigimn, Ann. Chim. Vhy'^., 1906, |Mn ], 8 , ‘tOl , J’( lli ismih, /u('>-h. munif Chrm,, 

189 :), 4 . h 

' Hillehnnul 1111(1 Noitoii, ihid., ISTa, 155 , C38 
rettciSMiii, JJc)., lS9y, 28 -’419 , Mms'-.m, < ompt. luid , 189i5, 122 , 3.'.7 , 1900, 131 , 
596, 9J4 , Muissan and Et.iiii, ibuf , 1S9G, 122 , .'>73 

* Mnthinaiin and Stiit^el, Ber , 1899, 32 , 3413 
Matciial of doubtful puiity. 
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The chlorides arc extremely hygioscopic, and dissolve in water with the 
evolution of consideiuble heat Tlic following values for the heats of solution 
are given by Matignon — 

LaClj hClj. NdClj. SmClj. YClj 

313 33-5 35-4 37-4 45*3 Cals. 

The aqueous solutions arc neutral to mcthylorangc. The chlorides are 
readily soluble in alcohol, less so in pyridine, and insoluble in elher, 
chloroform, acetone,* and the chlotidcs of phosphorus, arsenic, sulphur, and 
tin (Matiirnon) ; 100 grams of jnndine at 15“ dissolve the following amounts 
of the anhydrous salts - 


TiCb Ndt^v SmCl.. Ydj. 

2-1 IH G-t 6 5 

'I'he chlorides aie readil> proi»aied in solution by dissohnig the oxides, 
hydroxides, or carbonates in eoncontiatcd h\diochloric acid, by eoneeiitiat- 
ing the solutions ovoi sulpbuiic acid, cooling the hot, satuiated solutions, 
or saturating the cold aqueous solutions with gaseous h\diogen chloiide, 
crystalline, hydrated chloiidea are readily prepared, usually of the tyjio 
MClj 61f^O. The hydrates thus obtained, when heated to 105 -130’ in 
a stream of dry hydiogeii chloiido, aio p.uth dehydiated, the monohydiates, 
MCl^lljjO, being luoduced , the monohydiates are completely dohvdiated 
at 180“-200‘’ in liydrogen chloride ** The hydrated salts cannot be dehydiated 
by simple heating in air wilhout doeomposition taking place 

Cu’sium chloiidu coinlmies w'lth the laie caith chlorides, and the following 
crystalline salts ha>e been obtained . — ^ ^ 

LaCI, 3('s(3 HI .0 (?r>II ,()) Nd(3, 3rs01 511,0 

PrClj,3CsCl 511^0 Sm(3, 30^01 blHO 

Other double cldoiidos containing rare earth metals and the mct.ils of 
Groups I. and H. are not known, with the exception of the anrichlondn. 
Double chloiides with antimony, bismuth, and tin ehloiidi s,* and the cliloiidos 
of pkitinum,’'* have, howevei, beeu prepaied. The vh/ojoplatniafts ,iie of 
interest, since their composition affoids exidence for the tervalency of the 
rare earth eh’mouts (see p. 237). Tlicy are icadily soluble, orauge-red, 
hygroscopic, crystalline salts, and the amount of water of crystallisation they 
contain is variously given as 12, 12 5, and 1311^0. The chloroplatinates of 
the metals of the ceiium group are isomorphous, crystallising in tetragonal 
bipyramids — ® 

CeCl3.Pt0l4.12H20 (I . c = ! 1 1272 
rrCl3,PtCli.l2H20 =1 113 


> Baiiiobey, J. Ainn . Chnn Soc., 1912, 34, 1174. 

* Matigiioii , SCO nliMom-tfs on p 2r»2. 

* K. J Meyer and Wassjucliiiow, ^eifsch. anorg Chon , 1914, 86, 257. 

* Dehnicke, (IJeihn, 1904). 

® Soe Vol. IX., or Nilsou, Bull. Soc chim., 1877, t^.], 27, 206, 208 ; also Nilson, 

1877, (11.], 27, 210, for tlic chloroplatinites 

" Marignao, Ann, Chivi. I^hys,, 1873, [iv.], 30, 65; Topsoe, Bihang K. Svenska Vet.- 
Akad. Handle 1873-5, 2, No. 6 , Sudeistrom, Zrilsch Kryi,t. Mm , 1»02, 36, 194 (Pr). 
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The rare earth chloiidcs aKo forrti double compounds with mcrcunc 
cyanidcy of the t^pt* lU'lj .‘IHgiCN), SlI^O, these compounds lose 811./) over 
concentrated sulphuiio at id or at 1()0“ ^ 

The chloiidcs of the raic earth clemonts foim compounds with alcohol, 
pyridine, and othci oi^uiuic bases. The compounds tabul.ited below' have 
been obtained by ^J.lt^gnon — - 

Pi(1/JaibN 
NdCl,3(;,H,N 
SintU. .‘KMl-N 

Yn,:uMi,N 

Oxychlorides^ MOdl — These compounds may be jirepaied, sonieLimes 
in the eiystalline foim, by lussiiux a slow- ciment of air oi steam (cairicd 
by an inert gas) ovci tlio molten, anlndions chhuides*’ They aio also 
luoduced by lieating the hydiated chlondes, oi bettei, the o\!ilo<*liloiide8,‘‘ 
M((yoO,)(’l tJI.,0, to a led heat Tlie best im'thod for obtaining them in the 
crystalline state coii.sists in afiding the OAides or sulphates to molten in.ignesium 
chloride, allowing to cool, and e\ti acting the soluble salts with dilute acetic or 
hydrocldoi ic acid ’* 

The owihloiides arc practically insoluble in cold water, dis, solve \Liy 
slowly in ddiite acids, and aio conxerted into oxides by piolonged he.iting in 
an They aie of considei.iblo piactieal value, since their lellection spectra 
(p 2111) aie veiy well detincd J'or the ] nil pose of examining these sjiectra 
the oxychloi ides aie leaddy piepaicd in the following manner. The omiIoh 
are dissohed in hxdiochloiic acid, ammonium chloiidc adilcd, the solution 
exaporated to dixness, and the lesidue heated caiefully *’ It is then extraited 
xxith watei and the insoluble spangles of o\\ chloiidc collectcfl on a filtei jiajiei ^ 
BrdJnides, MIh j -- These salts haxc not been examined so clo.sely as tho 
clil( Hides Tin* aniixdious biomides haxe been piepared by heating the 
anhx duals chlorides in jmiic, diy hxdiogen biomide, taking caie to ax old 
fusing (lining the opeMtion,” by lieatmg the snlphide.s m dry hydrogen 
bioimde,'' hv heating the oxides in snl[»hur bromide xaponr,**^ and by heating 
tho oxides in a cm lent of sulphur chloiidi* and hxdiogeii bioiinde, the lattor 
being 111 exees.s " 'I’he luoinides lesendilo the chlorides m piopeities They 
arc slijhtly soluble m acetone J'Tom aipieous solution they usually 
ei\st.ill]'‘e as Iiexaliydiates MIJrjfiH/) 

Iodides, MI. ^ -\’ciy little is known of these salts Matigiiou has pre- 
jiaied the anbydious iodides of modynnum, }n ascodi/mium^ ami sainamm by 

Al/'ii, Hull Siir (him , lf577, |u ], 27 , SoJ (La, (V, “ Df,” V', “ Ei ") 

- M.itiguon, reffioiices «ii p ‘JGJ , .vc uImi K ./ M« xci and Iv<iss, Her , 190*2, 35 , 262*2 ; 
Jclluisoii, , 7 . Anur. Chnn. ,SVn , 1902, 24 , IlaiUi-ll, ihid ^ 1903, 25 , 11*28, Hiiihion 
and (\il 7 ()luri, Atti R Aicad. Lmai, 1911, [v 1, 20 , 1 , 164. 

^ Matignon, roft-ioncw on ]». 2ri2(l’i, Xd, Sni) , liniiiion, Ann. Chim. Phys., 1910, Iviii.), 
21 , 19 (Gd, Dy) 

* Job, Cuinpf. lend , lS98, 126 , 246. 

K. Hofmann and Hn'vlipb’, Her., 1914, 47 , ‘ 2 ri 8 (Pr, Nd, Sin, Er). 

" It 18 advis<il)li' to add u nuxtuio of sixhuiii and poU'^iuni cliloiidcs to Ihcoiigiiial 
Bolution and heat finally until tlio inixod chlondes fu^o. 

’ Urbaiii, Ann Chnn. J‘hys., 1900, f\u ], 19 , 2 * 2 * 2 .« 

” Slatignon, rfferoncps on j) 252 f<jr Xd and Pr. 

® Miitliniann and ,Stnt/cl, Rei , 1899, 32 , 3413 (Ce). 

Haire, Bull Soc chnn , 1912, [iv ]. ll, 433 
“ liouiion, Comjit. rend., 1907, 145 , 243 (U, O, Nd, Pr, Sm, Gd, Dy, lb, “ Yb”) 
bariicbcy, J. Amcr. Chem. Hue., 1912, 34 , 1174, 


Nddlj.'KMI^OIl 
iNdf’r.t’JI OH 
U’I,(\rLOH 
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heating the anhydi oils clilondes iii puic, dry hydroj^en iodide and avoiding 
fusion during tlio pioccss ' They aie exticinely hygioscopic, and soluble 
in acetone “ 

Bromates, M(IbO,)j ---The hiomates are best piepaied by co\eiing 
bannin hiom.iLe with watei, lie.Uing on the steain-bath, and adding giadnally, 
with <'ontinnal slirnng, the in’iitial raio eaith siilpliates. A sliglit exiess of 
the hariinn hroin.ite i', inressaiy When the double decomposition is com- 
plete, tlie baiiiiin snlph/ito is removed liy (iltialion and tlio bioinates 
crystallised from the solution They form an isomoiphous senes of salts of 
the geiK'ral fonnnla M( l)i(),)j.911 ,0, crystallise in hexagonal prisms, and are 
easily soliihlo in uatei * The melting-points and solubilities at Jf)' (in grams 
of crystalline salt dnsolved by lOOgiamsof watei ) of a numbei of bioinates 
aie as lollows ■ — ‘ 


Ltt 

(V 

1*1 

N.l 

Sill 

V. 

Melting-point, ”0. .‘IT .o” 

49’ 

Tit) 7 ) 

00 7" 

T.")” 

74° 

(irams of \I( Ili()j)/.)I1 .0 110 


191) 

110 

lit 

108 


lodates, M(l(>,), - The lodiites are leadily pie]).iio(l by double decom- 
position 'rhe\ are cr^st.illine salts, spannglx soluble in watei, but readily 
soluble in eoneentiateil intiic acid In the latter lespect then dillei maiLedly 
from the lodales ol /iiconinm and thoiium •’ 


Thk lIviiH lOAiini Kmimenth and tiik Oxyoev (liimu'. 

SeSQUi-Oxides, M,0, -Kaehof the rare eaith elements loims a ba''ic 
sesipii-oMde, tlie senes of sesipn-ovides eonstitiitmg the laie eaith> liii‘mM‘!\es 
With the exceplioii of the eompoimds of ccriiim, piaseodvmiiim, and teibiiirn, 
the ses(jui-o\ides aie stable in an even at a blight led heat, and so* may he 
produced by the ignition of the h}dioxid('s, eaihonates, nitiat»‘s, oxalates, 
sulphates, and many other salts of o\> acids 'Phe sesipii-oxidcs of piaseodx mnnn 
and imbmiii, howcNci, combine with oxygen wlicn heated, foiming dark blown 
peioxides of somewhat indefinile composition , these peiox ides may lie lediiced 
to sesipii-oxides in a stream of hjdrogen at a red heal, ('oiinm sesipii oxide, 
on the other hand, is extiemely easily oxidised to cciiiim dioxide, wlneli can 
only he lediieed again with gicat dilPn ulty 

When jnep.iied hy the ignition of snitablc salts, the raie e.uths are 
obtained as amorphous powdois ; lanlhaiia has aUo been obtained in the 
crystalline form The ap])earaiice and chemical leaetnitv of a raie eaith 
depend upon its method of formation, i e. wdicther it has been foimcd fiom 
the oxalate, say, at a lod heat or from the bulphate at a white heat. 
Practically nothing is known as to the cause of this dilleienee, it does not 
oven ajipear to be known whether the ditlercnt forms have diffeient densities 
As a rule, the dilleienees in reactivity arc attributed to the fact that the 
various modifieatums aic Inghly, but unequally, polymeiised. 

The sesipn oxides are only reduced to the metallic state with eouMdei.ihle 


^ Matigiioii, icfLMenck'ii on p JfiJ 

* Barnebcy, J. Amn. Chem Sue., 1912, 34, 1174. 

^ Hiimmelslu’ii:, /'lu/f/. Anmtlrn, 1S12, SS, 61 , Mangnac, Ann. Min , [\ ] 15, -21. 

* James, ./ Ainri I'hrm Soc , 1908, 30, 182; X>’irs, 190S, py, til , .lumcsaud 

Langehor, J. Av\rr C/um Sik' , 1909, 31, 913 , Chtm Nens, 1909, lOO, 

“ Davis, J. Amr.r Chem Soe., 1889, II. 2t) , H. J. Mojei uiid Spctei, Ckcm. Ztit., 1910, 
34, 306 ; R. J. Meyi'i', Zeitsch. anorg, Chem., 1911, fl, 65. 



difficulty, since their heats of formation are very high. The following values 
for the heats of formation (in Cals per gram-eipii valent of ovido) of Iiiiithana, 
praseodymia, neodyinia, ccria, and the refractory ovules magnesia and alumina, 
will servo to illustrate this fact — * 

iLtiA il’rA. ^>’d.03 iAlA ^MpO. 

74 1 G8-7 72 5 5r) 1 <U-3 715 

Tlie niagnelio Busceptilalitics of tiie laio earths are of consuhnahle piaetical 
impoi tailed, since the values vary very considei.ihK and thus allmd a leliahle 
incaiiH of following the ])rocesses of fiaetional ei \stalIisation, piecipitation, 
etc. (see p ll.'U)) The follow mg values ha\e hc'en lecordcd for the magnetic 
suscoptihilities (j-) per grain of sesipii-ovide at the ordinary tcmperatine — ^ 
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four tunes as paiainagnctic as celtia The \alues foi d\sj)rosia, holinia, erhia, 
tliulia, and ytlcudiia are known to be in desisuiding older of magnitude. 
I’raseodyinia IS not HO ji.iiainagnetie as neo«l\inia It is of interest to note 
that the tliiee elements winch may defimti ly bo assigned positions in Siib- 
groiij) 111. A of .Mendeleclls Table, vi/. scandium, yttrium, and lanthanum, all 
foim leebly diamagnetic OAides 

The laro eaitlis are faiily strong basic o\ide.s, being much Btionger bcasos 
than tlu«hes(pii-oxide.s of Subgiouj) J II 1> Kioin general clumiieal and thermo- 
clieinic.d ^ eonsideiations it may be eoiieluded that they arc stronger bases 
than niiignesia, but w'oakei than the alkaline earth.s Thus, tho strongly 
Ignited oxides arc readily holiiblo in mineial acids, ^ several of them combine 
diiectly with water and absorb carbon diovido from the air, and all of them 
liber, lie ammonia from cold solutions of aminomnm salts. iS'orinal salts of 
nuineioiis we.ik acids, er/. chromie, eaibonic, and acetic acids, are readily 
piep.iied Tlio salts deiived fiom stmng acids are only hydiolysed to a very 
slight extent cxen in dilute a<jucous solution at Iho ordinary temperature.® 

The deteimination of the relative strengths of tho rare earths as bases 
hfuj so far only been attempted in a (jualitatne manner, and the results are 

^ Muthinann and Wcias, Annitlr-n, 1901, 331, 1 

* UrlHiiii and Fiintsili, Comiit nu'l , 190, s, 147, iJ.^Oi'Nil Hni, Kii, (M. Tl), Dyi . Urbahi, 

ibid , 19(i9, 149, 37 ('rij) , Mliinii'iilcld and Uil>.un, i/ud , lyl4, 159, 32-1 (Yb) , "Jl J Moyer 
and W«r>iiiiei], Znhih nuonj ('h^m , 191.3, 80. 7 (ha, Y) Sco al'.o S Moyer, Sitzungsher. 
K Aknd Jrirn, 1901, lio, I la , -192 , 19eL\ m, Ha , .J8 , , 1899, 20, 369 } 

1908, 29, 1017 , Bht , 1900, 33, 320, 1918 , Ann Phinik, 19U0, fiv j, i, 661, 608 , Onnea 
and IVniei, r?or K. Alnd H'ctensih Am\l>nhnn, 1912, 14, 110, Oiinos and OnstcihuiB, 
thid , 1912, 15, 322 On tlic magnetic dicliioisin of the rair I'ailhs, soe Meslin, Comvf. mid., 

1909, 148, 1598 

* Matignnn, Ann Chim Phi/’t., 1900, [vm.], 8, 212, 364, 386, 402, 426, 433, 440 : 1907, 
[vm ], 10, 104 

* TIk* ino‘,t b.isic oxides are inme i. adily s'diible than the otlieis 

" Sei- iMutbuiunn, Pci , 1898, 31, ls‘J9 , Lev, Zutsih physikal Chnn , 1899, 30, 193 j 
Rimbaeti and Scliiibert, ibid , 1909, 67, 183, iiinhain, Znisch. anorg. Ch'm , 1908, 57, 
378 , Autrecht, Injauyural Dissertation (Herlin, 1904). 
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somowliat contradictory. The strongest base is lanthaiia, the earths of the 
cerium group are stronger than tiiosc of the yttiiuin gioup, yttria itself 
being c\eepte<l, and the terbia earths are intci mediate in stiTiigtli between 
the coiia and yttria eartlis Yttria itself is 2)ossibly as stioiig a base as 
iioodymia. Tlie riiie earth elements are iiiO'it probably aiiaiiged in the 
order of decreasing liasic strength of their oxides as follows : — 

La, ('e'", Pr, Nil and Y, Sm, Kn, (Id, Tb, Dy, IIo, Kr, 

Tm, Yl), Lii, (■'t, (Sc), (Ce''’). 

This order is usually in harmony with (i.) the order in which the niti.ites 
decompose when heated, (ii ) the older in which the ii\dio\ide^ aie pin ipil.ited 
from tile mixed salts by llie gradual addition ol ammonium, sodium, or 
potassium hydroxide, and (in) tiio relative degrees of liydrolxsi.s of aijucous 
solutions of the sulphates* It is in complete disagieemeiit with the older 
obtained by Wohlei and ((ninzwcig- from meaMiiements ol tlu' disMici.ition 
tensions of the aiihytlrous Mil[)hatos, it isdillicult to believe that llieii results 
are aeeui.ito Thei mochemical data indieate that lanlhana, pMseodymia, 
neodymia, and samaiia are arranged in older of diminishing basic stuMigth 
in the order in which they have been named. Thus, in the lenetioii — 

[M 2 () 3 ] + C(llCl) = ‘2[M(d,] 4-;^[]|/)l 4-r/ Cals, 
the values of 7 ai e — ^ 

Metal ba. Pr. Nd. Sm. 

Caloiies IIIOT) 117 8 ILbl 12S 1 

and in tlie react ion — 

lMj)J + 3[II.S()J = [Mo(S(),)J + 3[II,0| f ; (’als. 
the values of r aio — * 

MeUd La Pt, Nd Sm. 

Calories 13S 2 12r)7 12") 1 113 8 

In connection with the older of basic btiongth given .ibovc, tlu'ie is one 
curious anomaly. Fraetional ])rccipilation with ammonia indualis that 
saniana IS a stronger base than enmpi.i, but a weaker base than LMdolmia,’* 
while other methods indie.ile that .sam.iiis is stiDiiger than gadidiiiia It 
may ho pointed out, however, that it is only an assumption to legaid the 
order 111 which the liytli oxides aro procipit.ited as the older of tlu ir rel.itive 
strengths, the weakest jirccipitating hist In aeeonlame vviiii the ionic 
theory, the older of pieeipitation represents ineiely the urdei of inereasing 
Bolnhility-products, and tins only represents the oidei of increasing basic 
strengtli of tlie hydroxide's provided that the liydroxnh's are veiy laigely 
dissociated m solution and the uii-ionised poitioiis liave appiovimately etpial 
Bolnhilities, 


* Katz and .lamos, J. Avw. Chem Soc , 1914, 36 , 779. 

• Wolilei and (Jrun/wtig, Ber., 1913, 46 , 1726 

• Mtttignon, he rit 

* Matigiiun, Compt lemf., 1906, 142 , 276 

' Lecoq do HmsbaiidiHii, Compt. rend ^ 1890, III, 393, 1892, ZI4, 575 , Benedicks, 
Zeiiach. anorg. Chem.^ 1900, 22, 393. 
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Hig^her Oxides. --ronum forms a Wfll-dotincd basic dioxide, (VO.,; 
praseodymium also forms a dioxide', and Icrbimn bums a lu^lii'i oxido 
of tlio appioximate coiiijuisitioii These substances are not peioxides 
in tlio strict sense of the term, i c they aie not const i tilted like hxdiojieii 
peroxide They are described undci the headings of the icsjuvtne mcl.ds 
All tlie line earth elements appeal to be capable of foimmg tiue hijthatvd 
pnondes of the type M .0^ /!!,(>, the conslilutions of the compounds being 
expiessed by the foimula (Oil ), M (.M)ll The\ ni.iy be olitained by tlio 
addition of lixfliogen peioxide and ammonia («> solutions of i.neeailh salts, 
and are tlesciilied undi'r the headings of the iesp«‘tti\c niclais 

Hydroxides, — The h\dioxidcs ol the laic «‘aith clcim'iits 

may be obtained as gelatinous jireeipilates b\ tin' addition of excess of 
ammonium, or an alkali li\dioxide, (oi ammonium sulphide) to hot, diluto 
solutions of the nitrates, chloiuh's, cli Thi* h\dioxnh‘s aie insoluble in 
excess of piecipitaut , when adelicitol the lattm is added, oi the precipilalion 
earned out <Mlh cold solutions, the pK'cipitated hxdioxides aie contaminated 
with basic salts 

The hydroxides are f.iiily strong biNrv, and absoib eaibon dioxido from 
the ait They inteiaet readily with acids to pioduee -alt" 

In the piev'ine of ammonium ai elate the h 3 »ii«ixidev aie only slowly ai'd 
iricomph'tely pieeijatated by the addition of ammonia, this jiiopeity mav lie 
convenientlyMitiliscil m sepaiating modeiate amoimis ol inui lioni (In i.iie 
eaith elements’ The pi('ci[)italion of the hydioxides max also be inhibitid 
by the addition of citiicaci(l and oilier oigaiiic hvdioxy ai ids 'I’he case of 
lailanc .u'ld is of paHauI.ii inteiest When sulhcient of this add has been 
pieviously added, pie( ipitatioii of the hydioxides by sfulium hxdroxide is 
comph'tely miniated Potassium hydioxide, on the othei baud, gixi's 
precipilc^'H of doulili' potassium t.utiabs with the nn'inbeis of the ytliium 
group, but only fioin boiling solutions baslh, .uiiMMiiimm hy<boxide gives 
rise to precipitates of double aiimniniimi tai Hates witb (be yttiiimi gioup 
oven in cold solutions, llic juecipitatcs bieomc ciystallme when wanned - 
Muller*’ his found the piecijatation of cei oils and neodx ninini hy'droxides to 
be mbibited by llic addition of glyceiol 

Sulphides, Mj*^, - Tbe sulpbidcs ol tlie laie caitli metals cannot be pic- 
paieii l»y wet im-lliods I'he best methods of piepjuation cmisisl m liiatiiig 
eitlici (u) the oxide or {h) the anhydrous snlphato to ledness in a cm lent of 
pmc, dry hydrogen sulphide ’ 

The sulphides have been obtained as coloured powders , sometimes m tlio 
crystalline slate They are compaiatixely stable in the an, but are slowly 


^ Lecoq do HoisbiiudMii, ('ntnjtt tend,, in, 39( , S(iil»a, d)iii Chim J'hifs , ItiOl, 
[viil I, 2 , 199, cf the woikol bclalaiiraiiK .uid wiiicis nii inlluid.il lusn* .url.iUs (Hclu' 
foiiUuic, Ch>'m A’czov, Istlfi, 73 , 2S1 , W. Ihh/, Jin., 1901,37, ('hem. /fit., 

1907, 31 , 4.0J 

.1 iind Golden herg, Chem 1912, 106, 13, Meyf'i .'Uid JIuiisci, lUr. 

Anafysi dti \<Ueutn KnUn und dfr Enl'MiUTtn 'Siullg.iit, 1912), j» 1.1. 

^ Mullci, Zcitsfh nnoiy. Che it , 19e5, 43 , 320. 

^ (fl) Duller, CojHiit irnd , 18Sn, 100, 1461 , loi, sf'2 (Li, (\), Sieil.a, Ann Chnn 
Phjfs., 1904, [viii ], 2, ISM (O) , i/;} Aliahnittiiii und St;U/el, /Ifi , If'll'*, 32 3413 (La, O, 
Pi, NM) ; Steiba, loc cit , Eidinanii and Jmi'ifen, lyos, 361 190 (Sin, Gtl) 

Tlieeailv liteiature on the sulpliides is as fnllims ^Il*^all(^I, A/i/r/ Jinut/m, 1826, ll, 406 
(Cc) , Ih'iinger, Annalen, 1842, 42 , 138 (La), l^nge, / fnakt Chem., 1861, 82 , 129 (CV, 
La), Hcinninn, J.jnakt. Chem , 1861, 82 , 385 (La; , I'lciichs and Smith, Annalen, 1878, 
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emwll ^ 1 f hydroxides, hydrogen sulphide being 

evolved. The sulphides are readily decomposed by dilute mineral acids. 
tMi/aulphuUiaw^ polysulphidei are known only in a few instances 
oulpnites, M^(S0y)3 — Tho sulphites of the rare earth inetals are practi- 
cally insoluble in water, and may be obUined by double decomposition between 
sodiuin sulphite and rare earth salts » They are soluble in aqueous sulphurous 
acid, smee the hydroxides, oxides, and carbonates may be dissolved in an excess 
of that rca^reiit Ihe solutions thus obtained deposit crystals of tho normal 
suli^ites when evaporated over sulphuric acid, or when heated 2 

Thiosulphates, —The rare earth elements form well-defined 

crystalline thiosulphates, which are readily soluble in water They aie not 
hydrolysed with the precipitation of basic salts when their aqueous solutions 
are boiled,* in which respect they dilFer shaiply from the coircsponding salts 
Of scandium zirLonium, and thorium, which may bo completely livdrolyscd. 

Sulphates, Mo(S0Jg —The anhydrous sulphates of the rare o.-iith metals 
my bo prepared by heating the oxides, hydroxides, carbonates, chlorides, 
nitryos, or oxalates with an excess of concentrated sulphuric acid, and 
eliminating tho excess of acid and destroying acid sulphates by heating to 
600 It IS a matter of gieat difficulty to obtain the puie, anhydrous, normal 
sulphates by this method (see p. 240) An alternative method of preparing 
the anhy^ous sulphates consists in dehydiating tho hydrated salts at about 
4UU At tcmpf‘ratuies higher than 500", decomposition commoncoH, and at a 
white heat the sulphates are completely decomjxwed, the oxides being loft. 

Ihc anhydrous sulphates of the rare earth metals are hygroscopic solids 
which dissolve in water with the oxolution of heat In order to obtain them 
in conccutiated solution it is necossaiy to add tho powdered solid giadually 
with Stirling, to ice-cold water, avoiding any local use in tempciatiiro Con 
contratod solutions thus obtained are imdastable with respect to tin' hydrated 
sulphates. Moreover, the solubilities of the hydiated salts dimiinsh’with rise 
0 tempciature very markedly ^ Hence, when a cold, concentiatcd solution 
or a rare yrtli sulphate is warmed, a copious precipitate of a hydiated salt 
IS obtained, which cannot bo brought into solution by cooling unless a con- 
siderable excess of the solvent bo added The most impoitant hydrates of 
the sulphates are the octahydratos, M 2 (SO ,)3 8H./), which seem to‘ bo given 
by the sulphates of all tho rare earth metals except lanthanum 
The demities of tho sulphates are gixen in the following tal>lo — 



La. 

Ce. 

Pt. 

Nd. 

Sill. 

Gd 

Y 

ICr. 

Anhyilious . 
6 HaO 

3-60 

3 91 

8 17 

372 

3 17 



4-14 

2 61 

3-68 

8 HaO 

9HjO . 

2-83 

2 89 

2 84 

2 82 

2 86 

2 93 

3-01 

2 64 

3 20 


44 229*'(Cr La)"’ ^emt, 1900, 130 , 781 ; Giossmanii, Zpitsch anorg. fViCMi., 1905, 

Joliu, 'BiUI Soc. chim 1874, [ 11 .], 21 , 633 (Ce) , Cleve, tftirf., 1874, fii ], 21 , 196 (La) ; 

53 . 81 (Sill) , CU've and Hoglund, Bull. Hoc. ekim., 1873, [ii.], 18 , 193, 

/n " ooncoatrated solutions a slight precipitation is obserxed in tho yttiiuiu mouD 
(Crookes, Cheyn. 1896, 74 , 269). ^ ® ^ 

See fig. 39 on p. 383. 
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With the eTCpption of tlio cerium salt, all tho octahydratcs of the sulphates 
crystallise in monoclinic piibms, isoinoiphous with one another and with tho 
corresponding selcnatea : — ^ 


Salt. 

a. ft. 

c. 

$. 

Pr,(SO,)g8II.,0 

2 9863 • 1 

1 9995 

118’ 0' 

Nd2(SOj3.8HoO 

2 9835 1 

1 9968 

118’ 8i 

Sm.(S0,)3 8H;0 

3 0030 1 

2 0022 

118“ 16' 

Gd;(S0,),.81i;0 

3 0086 1 

2 0068 

118’ 2' 

Y/S0,)381I/) 

3 0281 1 

2 0092 

118’ 25' 

Er..(SO,),8ll..O 

3 01*20 1 

2 0013 

118" 27' 


The eiinoahyd Kites of eeiiuin and lanthanum orystalliso in the hexagonal 
system (bipyramulal), isomoiphous with one another - 

I.VS0,)3.9H20, a r.-l 0*7356 
CcjlSOJg OHjO, c.^\ 0 7310 

The pentahydnites of cerium and praseodymium are also isomoiphouH with 
one anothei (monoclinic pi isins) — 

l>j2(S(),), 511,0, a 1150*1 11157, /i-101’16' 

(V,(S04)3 5ir.O, a h c^=iu;5() 1 11261, ^-102*10' 

Tho Older of soliihility of tho hydiated siilphatOH in water at 25’ is as 
folloNNS, heginning with the least soluhle - 

La, (id, Sm, Y, Nd, Co, Pi, Kr, “ Vh ” 


Tho act^iil soliihilitioH at 25", m ginms of anh\drous sulphate per 100 grams 
of solution, arc as follo\NS - - 


Solid Pliasp Snluliihty 

La.(S(),),<)H.,0 2 iy3 

Cd“, (SO, )j 811*0 2 081 

Sm(SO,), 8lI.^O 3 126 


Solid Phase. Solubility. 
Y(S0,),8II.,0 5 02 

Nd,(SO^)3.HH/) 5 30 
('c;(S0,)3.8H30 7 60 


Solid Phaso Siilubility. 
Pr5,(SO,)..811.,() 11 11 

El ^(S0^)‘, 811*0 11 94 


The solubilities of a number of the pieocding salts in aipicous sulphuric 
acid have been determined at 25’ The results *aie shown to scale in iig 20. 

Double Sulphates. — The sulphates form nuincrous double sulphatCB 
i\ith the sulphates of ammonium and tho alkali metals. Dihiegaiding 
tho water of crystallisation, tlioy may be ilassifusl into the following types • — 


3M..(S0,)3.2I1.,S0 
2M,(Sd4). SKjjSO, , 
M.,(S04)g.5R^S0,. 


, , M3(«0,), R,.S0, ; 2M.,(SO,)., 3K.SO,, M ,(SO,)., 2K.,.S0^ ; 
311, SO, ; M.,(S^),)3. 1K.,S0, , 2M,(S0,)3 9R.,S0, ; 


Only one or two systematic investigations of tlie double sulphates have been 
made 

The double potamum sulphates of tho cerium and terbium groups arc 
very sparingly soluble in cold water, and in a cold, saturated solution of 


* Data from Groth, Chemische (l.eip 7 ig, 1006-1910), m) 1 n 

“ Seo Wiith, Zntsch anorq. (’hem . 101‘2, 76 , 174 , Jamrs and Holdiui, J Avirr. Chem. 
Soc., 1913, 35 , 559 , no data aie a>ailal)lo for rare eailli sulphates oilier than those quoted* 

* Wirth, loc. nt. 
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Nornmlity o( Sulplinrlc Acul 

Fio. 20 . — S(»lii 1 )i]itics 1)1 titp sulplrntps of some uf tlio rare eaitli elements 
11) aqiu-uus bulpliuric acid at C. 
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pot/issium fiiilpliate they aro even less snluble. hi fact, the lanthanum, 
cciiuiii, piasc<j(lyininin, and neod}niiuin salts aie practically insolnhle in the 
aulphate solution ^ On the otlier hand, tho double potiLssium sulphates of the 
ytli luni group do not dilTcr greatly fioin tho simple i are earth sulphates in 
tin ir solubility in water, and aic i caddy soluble in cold, saturated potassium 
sulphate solution. 

'riio double sodiuyn and ariwiouiurn sulphates resemble tho potassium salts 
in llu'ir solubilities, but .iic lather more soluble, partieulaily the ammonium 
salts (mm‘ ])p ,‘1S5, tOS, 

The double nnuiKniium salts of the type (NII^)^S0^.81fj,0 form an 

isomoipbous senes, cr}stalliMng in monoelime pi isms — ® 


Salt. 

a b c 


Density. 

La 

0 3*109 

1 0 91 45; 

97“ 30' 

2.510 

(V 

o;bv.hs 1 

1 0 9310, 

97“ l.V 

2-523 

Di’’ 

03117 1 

1 0 9234, 

95“ 28' 



The double sulphates aie of gie.it piaetieal impoitanee Tho spanngly 
solubh' double salts may bo biought into solution by healing them with con- 
eeiitiatcd nitiie acid and ])ouiing the whole into boiling watci,” oi by 
di''Sol\iug them m coms'iitiated ammonium aeetate solution ‘ ^Hiey may bo 
eon\eited diieelly into b}dio\ides by heating with alkali h}di<»Mde,'' and into 
oxalates by piolongod heating with nipieons oxalic aeid lly beating to 
ledness for an houi oi so with tour times then weight ot powsleied charcoal, 
they an‘ almost eoiupletely reduced to sulphido.s, which may be dissohcd in 
bydioehlonc aci<l " 

Acid Sulphates, iM(nS()^)., — These salts may he pie])aied by dissolving 
the nowii<‘d sulpliat(‘s iii boding sulpliuiie acid and cooling the solution, when 
tlie erNxtallme acid salts sepaiato out,” or hy dissolving the normal salts 
111 ICC eold w'ater and adding a huge excess of sulpliuiic add.® Adhering 
sulphmic acid may be lenuned by healing in vacuo to 1.30”, but above 180* 
decompo^il ion eommenct's. 

'rii(* eeioiis salt forms colourless, glistening nctslles , the \tlMum salt, 
col()uih‘ss pyianiids; the lanthanum, praseodymium, neodymium, and 
s.imaiium salts foirn colourless, giecn, rose red, and golden-yellow, silky 
needles respi'ctively All the acid salts aie eonveilcd into normal salts 
at lemiM'iatuies appioaching dull icdiicss 

Basic Sulphates, — It is only at a w’hite heat that a rare earth 

sulphate can be completely converted into tlie oxide When heateil to 900*, 

1 This statement doos not iigidly apply wlifii niixtuuscif raieoarlli sulphates aie dealt 
witli , see jt. 3.38 

2 Moitoii, Ziitich, Kiitut Min., 1887, 12, r*20 , Kraus, </#«/., 1901, 34, 307 , WyioubolT, 
JiuH Sne tunic. Miii , 1891, 14, 83. 

® llisiiig(T and lhi7f*lius, Ann Vlmn., 1803, [1 1, 50, 245, II J Miyer and Marckwald, 
Jier., 1900, 33, 3003. 

■* Urbain, Hull. fine, chim., [iii 1, 15, 338, 347 , rf Muthinann and K(dig, 2?«r., 
1S98, 31, 1718 

® Von .Sclipch', liei , lS‘i9, 32, 409. 

® Auer von \Velsb.icli, M»n,itsh , 1883, 4, 630 , \lullimaiin and Uolig, Joe nl 

’ lliowning and Hluinenthal, Annr J SVf , 1911, [iv ], 32, 161, Dennis and Rhodes, 
J. Ama. Chnn .S(-c , 1915, 37, 809 

® 'Wyionbnir, Bull Sue. t/nm , 1889, [iii ], 2, 745 (Cc) ; Matignon, ('ompt lend , 1902, 
134, 657 (Pi, N(l); 1905, 141, 1230 (Sm) 

* Branner and Picek, ZeiUeh nnuuj (‘hem , 1901, 38, 322 (La, Ce, Pr, Nd, 8m, Y). 
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basic sulpiiates of the type MgOjSOg are obtained (except from cerous 
sulphate) as ainotphoiis powders, stable at 1000 °' 

Selenites, — The precipitates obtained by adding sisliiiin 

selenite to an acjucous solution of rare earth salts are usually hai^ic selenites. 
When a sohitajn of sclcnious acid is used as precipitant, the normal sdenites 
are generally precipitated. By heating the basic selenites with dilute afpieons 
seleniouH acid, the noiinal selenites may bo obtained, and if more concentrated 
selcnious acid be employed, aad selenites are formed - 

Selenates, Mj(Sc()j 3 — The selenates may be obtained as hydrated salts 
by dissolving the oxides, hydroxides, or carbonates in aipieons selenic acid 
and ciystallising fiom the solution. By carefully heating the hydrated salts, 
anhydioiis selenates may be obtained. The selenates are not so well known 
08 the sulphates A number of octaliydratcs are known, and those that have 
been mcasuiod are isomorphous with the corresponding sulphates — ^ 

Gd.,(Se(),),.8n.,0, a h r-.3-U2t I 2*0714, /8 = 117°r)0' 

“Er’’(So()4), 811,0, c=:3 0218 1 2 0012, /i = 118" 1.5' 

Yo(So04)3 8 lip,“ a-/>:c-3 101] 1 2 034G, /^= 118° 12' 

The decahydrates of the same thice elements crxstalliso in orthorhombic 
bipyrainids and are isomoiphous with one anothei , the data foi two nre 
08 follows — ‘ 

“Er,%SeO,), .1011,0, a./;’r-0 9300 I 0 4807 

Y(SeO4).10If.p,‘ a h c-0 93.58 1 0*4829 

Tlie densities of the selenates aie given in (lit' following tabh' — 



La 

Pi. 

,Sm 

(M 


Anhydioiis 


4 30 

4*08 

4 18 


6H.,0 

3 -IS 





8H.jO 

. ••• 

3*0.S 

3 3.3 

3 32 

2 91 

9JI.,0 . 

2-66 





1011., 0 




3 06 

2*78 

121I.]0 



3 01 

1 



In general, the donhle selenates aie rjither moie solnlde in watei tlian tlie 
corresponding double sulphates. 

Chromates, M .(rrO,)^ — Few of these salts appear to liaxo bei'ii analysed. 
The cliromates aic spaimgly soluble in water, and so maybe obtained as 
crystalline precipitates by double decomposition, using })otassium chromate 
as precipitant. Wlien a large excess of piccipitant is used, double ebromates 
may be obtained, p.irtieularly in the yttiium group Tlie cbioinatcs appear 
as a rule to have the eoinptisitioii M.^((JrO^),.81I„() and to be isomorphous 
with the conesponding sulphates. 


' Motigiioi), Cwvipl lend., 1902, 134 , O.'i? (Nd, Tr) ; 1905, 141 , 12.30 (,Sm), 1906, 142 , 
394 ; Wild, Zeitsth. nnorg Vhem , 1905, 47 , 464 (l.ft, Sm, Y, Ei, "Yb”), L Wulilorand 
Orunzweig, Brr., 1913, 46 , 17"6 (La, ?i, Nd, Sin, (Id, Y, Ei, Yb, Lu). 

® Nilson, Xova Ada Soe Upsahi, 1875, [111 ], 9, No 7 ; Bei., 1875, 8, 655 ; Bull. Sor. 
ehim., 1876, lii.], 23, 494 

* Topsoo, Bihnng K. Sten'^ka Vet -Alcad. llandl , 1874, 2 , No. 5; Bull Stic, thim., 
1874, [ii ], 22 , 353 ; Bei., 187.'>, 8 , 129 (Ei, Y) . Heiioduks, Zcitsch anutg Chem , 1900, 22 , 
S9S (Od). * Topsoc, loc. cit. 
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The rare earth salts are not precipitated by the addition of chromic acid 
or an alkali dicliromale , in this respect they differ from those of ziiconium, 
thorium, and quadrnalont cerium 

The chromates are of value for the separation of the rare earths from 
one another (sec pp 343, 352). 

Molybdates, ^.(MoOjg. — These salts closely resemble the coi responding 
tiinj^states in rryst<illinc form and properties, and may be prepjirrd by means 
similar to those deseribed in the next section for the prepaiation of tungstates. 
(Vrous and “didymium ” molybdates have been shown by Cossa to bo iso- 
morphous with lead molybdate ^ 

A number of rom)>h'X vwlyluhites have been prepared containing the rare 
eaith elements of the coiium group. They havo tho general formula 
(Nl^^)^,^^o^^o^,0^^ 2411^0, and form a scries of isomorphous salts crystallising 
in the trielinic system — ^ 



a 

h 

e 

a 

B 

y 


T/a 

0 3502 

1 

0-3416 

102“ 29' 

51° 18‘ 

103“ 

10' 

Co 

0 3523 

1 

0-3409 

102° 22' 

51° 30' 

103“ 

4' 

Pr 

0 351 1 

1 

0 3161 

102“ ir 

51“ 15' 

103" 

15' 

Nd 

0 3492 

1 

0-3385 

102“ 15' 

54° 8' 

103“ 

29' 

Sm 

0 3(Jll 

1 

0 3330 

102° 49' 

54 15' 

102° 

37' 


Tungstates, Mo(W 04 ).^. — Tho normal tungstates of the lari' earth 
elements arc ])iacluMlly insoluble in water, and may be obtained by doublo 
deeonijiosition between sodium tungstate and a lare eaith inti.iti* or Hulphate 
The picequtateH arc usually amoijilious, but may become mystallmo when 
heated. The amorphous tungstates may he crystallised by fusing tluMii in an 
inert atmosphere and cooling, or hy mixing them with an excess of Hodiuin 
chlori(lo*and fusing the nnxtnre Th(‘ tungstates ei\vtulhse m tetragonal 
bipMamids It w'as discovered hy (’os^a that em/w«, and 

cult turn tungstates are isomorplious and foim mixed crystals,® aiicl Zainhoiiiiii^ 
has shown tliab eerous and lead tungstates aro completely misciblo both in tho 
liquid and tlio solid states 

When a rare earth is fused with tungstic acid, sodium tungstate, and 
sodium chloride, and maintained at a led heat for some time, double tung- 
states .IK' fornietl and may bo isol.itisl by wasbmg the mass with water, m 
winch they aro insoluble. Tlu' following salt.s ha\c been tlius obtained in 
crystals winch closely reaemhle those (jf the sinqile rare eaith tungstates — ® 

La,Nae(WO,), Sm,Na„(WO,), 

La.,Na,(W (),)7 Er,Na„(W(),)^, 

Ce.“Na„(WO^). Y 2 Na 8 (W ()^)7 


^ Frcnchs and Smith, Annalen, 1878, IQI, .331 (Tja5(nMo04)3) , CoBsa, (Jompt. rend., 
1884, 98. 900 (“ Di”) ; 188(5, I02, 1315 (Ce) , Oazzifta, 1886, 16, 284 (( c, “Di”) , (;lev0, 
Chem News, 1886, 53, 93 (Sm) , llitrhcock, ./. Amer. Chrm. Hoc, 1895, 17, 520 (La, Co, 
Pr, Nd). 

® Burbiori, Ath R Acrad. Lincei, 1908, fv ], 17, 1. 540 ; 1911, [v ], 20, i. 18 (La, Ce, 
Nd, Pr, Sm); BiIIowb, XnMi. KuH Min., 1912, 50, 500. 

• Coasa, Gazzetta, 1879, 9 118 (“ Di") ; Coasa and Zocchini, ihxd , 1880, 10, 225 (Ce) ; 
Cossa, ihid., 1880, lO, 467 bi”) ; 1886, 16, 284 (Ce) ; Freiicha and Smith, AnnaUli, 
1878, 191, 331 (La) , ITitc-hcock, J. Amer Chrul Soe , 1895, 17, 520 (La, Ce, Pr, Nd). 

* Zambomni, Ath R Acrad Linen, 1913, fv.), 22, 1 619. 

® Iloghum, Oefvers. Svenska Vtt -Akad. Forhandl., 1884, No. 5; Rull Soc chim., 
1884, [11.], 42, 2. 
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The metatunijRtate^ of the rare eaith niotals are extremely soluble in water, 
and may be prepared from barium mctatunf».statc and the sulphates The 
lanthnyium, cerium, and <ln{t/unum” salts form two senes of hydrates, 
M2 (Wj()i ,), 27II2O and Mj(\V4()j-,)j .301^0, tlic latter crystallisirif' below 16" 
in the tiiclinie, tlic former above 16" in the orthorhombic system — 

27ir,0 a b c SOlIaO. a bxc. a. jS. ->. 

“L)i ”0 67.36 1.12952 La 0 9859 1 0.5786 97" 6' 9.3" 50' 89" 2' 

Co 0 98.38 1 0 5825 96* 1.3' 92*34' 91*30' 

A snnuirium salt, .Saj(\VjOj.^)j. 351120, has also been described.^ 

A number of voiy romjtJex tiui<;»fate», in whieli rare oartli and tungstic 
anhydiidi' are in the ratio Al20t,. 16\VO,, ha\e ])een picpared by Rogers and 
E. F. Smith. 'Liio formuhe of these compounds are gneii bolow' — 

2(NlIJ.,O.Ce.,Oy 16WO.,.2ll..O ‘^(NIlj^^O La.,0., lOWOj.lOlljO 

2(Nll,)..O.I’r'O,10\VO; 1611,0 5Ha0.La.,0,.16W0, IGll^O 

41iaO Ih^O^ 16\V0,.7ir.,0 “ 5Ag..O Lri,0. 16\VO„ UL,0 

6BaO.Pr.,Oj,.16\VO.< 9II.“0 3(Nllj),0'xNd,0.5 l6\VO,''20ir2O 

4Ag,.0 Vri\. 16\V(\ 811,/) OBaO.Nd^O, I6WO3.I7II2O 

Silicotungstates, 2M./).j [LiWO^SiO^lg —The nomial 

and aeu/ silieotungstates of the i.iie e.uth elements aie soluble salts which 
crystallise well. 'Phey h.ave been evamined by Wuoubotl’^ 'The following 
types of noimni salts aie known ' — 

(I) M,{W,2 Si()j„), 781f.,0, erystallising in the trigonal .s}st(‘m (Nd, Sm, 
(Id, 'I’b, ), “Yh” salts known). Theiatioru (\eitieal to lateral crystallo- 
graphie a\is) is as follows — 

Suit. N.l Sin (J.l. Tl*. Y. “Yl. ” 

r/a 1-66.36 1 7211 1*71 11 1-701.3 1 7120 I 6!M7 

(II ) M,(W, ,SiO,„)j 81 ll„(), cnst.ilhsmg m the trigonal system (Ln, Ce, Pr, 
Nd, Sm, (hi salts known) — 

Halt. Jjfi Co “ l)i ” Sm (hi 

c/a 2 6392 2 6820 2 6653 2 6786 2 66.53 

The cerium and ^Uhdi/minm ” salts aioalso known in monoelinie foims. — 

(Y' a f, f=.-. 1 7090 I 2 6558, ^ = 90’ 20' 

“l)i” a h r=l 70()() 1 2 632.5, /^r.DO" 10' 

(in.) M4 (UYjSiO„J, 9011.,0 Only the (jadohiuum salt is known (trigonal ; 
a.r- 1 2-6238). 

The acid salts also fall into thiee classes — 

(i ) MU(\Yj 2 Si 04(,) I8II3O, crystallising in the trichnic sjstcin (La, Cc, Tr, 
Nd, ISin, (hi .salts known) — 

8alt a ' b , c, a. /3. -y. 

LaH(\\VSiOJ181f,() 0-4081 1 0-1120 89" .34' 93" 8' 81*29' 

CeH(\\VSi04„) 181LO 0-.3922 I 0 1195 90" 1.3' 92* 20' 84* .38' 

“Di”H(Wi..«i()4o).18fL,0 0-1003 I 0-4-262 89* 58 92’ 48' 83" 20' 

GdH(Wi,Si()4o).1811.,0 0-4127.1 0-l,393 89* 20' 92* .3.5' 84* 9' 

* ScliL'ihler, J. prnkt Chem , 1861, 83, 1273 (Ce) , W>iouboir. Bull. Soc fmni;. Miiu, 
1892, 15 , C3 (La, Cc, “ Oi ”) , CIcvo, I'hnn. Neic't, 1886, 53 , 93 (Sm) 

* Rogers and Smith, J Amt'r. ("hem Soc , 1904, 1474. 

> Wyi-diibotr, Bull. Hoc Jrnn^ Min , 1896, 19 , 219 , 1905, 28 , 201. 
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(li.) MH (W,,S,nj2n}U) 
Balts known) - 

S.ilt. 

ThIl(\Vj..Si(\„)21UI,() 

YIi(\\pSi()J2U]l .O 


Moiioclinic crystals (Tb, Y, Kr, 

a b r $. 

1 0270 1 1-4132 92“ 3!)' 

1-04 Ifi 1 14S3r) 92“ 4' 

1 03r.r, I 1 1717 92“ n' 


“Yb” 


(ill) MlbWjgSiO^p) 2i)Ul.,0. — Only the tihium salt is known (tii^^onal; 
rt c=l 1 72U) 

It IS an intorostiri'' fart that the noimal silieotiin^stntes of hinthannrn, 
reiinni, arul “ dulMiimiii ” with 8111„0 are isoinorphous with thoiiiiin Kilico- 
tun«,^state and the si hoot misstates of calcium and blrontinin (see i> 231). 


The Rare F.auth Rlkmemh and tue Nitrogen Oroup. 

Nitrides, MN — The fact that the inre earth metals combine directly 
with nitio}jfen to jnudiui' iiiliidcs was discoveied by Matignon The com 
pounds aie of the type as Mulhmaim, Kiaft, and Ileck have shown, 

and aic leadily jnejiaied by heating the im-tals to 900* in nitrogen. Moiasan 
has (h'lnonstialed (he foinialKHi of nitiides when tin* caibides arc heated to 
1000' 111 ainiiionia, and Daleit and Miklaii/* h.ive shown that cerons nitride 
may be olitained in a puio condition by heating the h\diide to 800’- 900’ in 
pure nitrogen 

The niliides aie buttle, ainorjihous Bobds, the ceiium coinjiound being 
biass-Acllow and tin* componiids of lanthannrn, piaseodyiniuin, and neod}innim 
black in coloui The\ aie dectnnposed b} moist air or by watei, hydroMdes 
and aimnonia being produced The atomic heat of nitrogen lu tho cerium 
and lanUianiim coni])onnds is 1 9 ' 

Nitrites, NKNO,,).- riactieally nothing is known of the raie earth 
nitiiU's A number of and pltifiuo-uHloint) it< it been pie- 

pared by Nilson ‘ 

Nitrates, M(N(),) These salts aie leadily obtained m solution by dis- 
solving the scs(jui-o\i(loH, hydu>\idi‘s, or caibonates in nitric aiud, or by 
oMdi^ing the oxalates with hot, concent i at ed nitiic acid They aie leadily 
sfiinble in watei, finm whuh tlie niajoutv crystallise as licxahydiates, 
01I_,O Tliev aie ic.idilx soluble in alc<»hol and also in acetone,^ 
When heater] thi'y decompose, iriving use to l»asic salts and tinally to 
till oNwlcs. 

'I’he solubilities of a Tuimbcr of (hr* hexahydrates in water at 25 aio as 
follows (in paits of aiihxdioiis nilMt'* pci ItHl of watei) — •’ 

La(N()5),r)H..(), i.-,i 1, 'i(iN(),),.oii..(>, nir, 

Nd(NU,)3f)JI,(), 152 9, 

* These clicinists (Irnx that (*pi(ius nitndi laa} lie propiaiidhy liettliiigdinini in iiitiogpii. 

“ Miitigiidii, Cnwjit irnil , ItiOO, 131, 8.‘i7 (1 a, O. I’l, Nd, Sin); M«assaii, ibid , 1900, 

131, 86r) (Pi, N(1) , Mulhniaiin and Kiulr, y/n/ar/fa, 1902, 325, 261 (Cc, La); 

Miitlimaiin an<l Heck, ibid., 1904, 331, 58 (I’r, N<1), Dafcit and Miklan/, Mtmuhh , 1912, 
33 911 

“ Kelh-iiLcifTii ond Kiaft, Annahn, 1902, 325, 279 TfiiH'iTatuic iiiterxal imt stiitid, 

* Nilson, Noia Acta Soc Upsalu, ls79. [111 |, lO, No. 16, JUr., 1876, 9, 1722 ; 1878, 
II, 879 

® Baniehey, J Amn them Sve , 1912, 34, 1174. 

® Jaiiii's .'ind Pratt, J Ainn t 'hnn Sue., 1910. 32. 873 (V) , Jiimp'tand Rulnusuii, ibid., 
1913, 35, 754 (Nd) ; James and Wliitti more, ibid , 1912, 34, 1108 (La). 
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The flolubilitics are diiuinishpfl by the addition of nitric acid, but from con- 
centrated nitric acid (riens 1-4) the pentaliydratcs, M(X03)3 5H20, usually 
separate out The fiactional crystallisation of the nitrates is often used in 
separatinj' the rare earths 

The he\ahydiatc8 crystallise in tho tricbnic system, as the following 
results ’ indicate — 

all’ a j8 7 

La(NO.) .(iir,() 083ir) 1 0*0215 7r 12' 101" 58' 92" 18' 

(le(NO,)v()II.;() 0*831(; 1 -0 0212 78" 51 102" 9' 92" 3' 

“l)i(N(g,.0Il“()” 2-4035 I 1 8597 6!)^ 0' 97" 30' 92" 48' 

(;d(N(),)Jill,0 0 5571 1 0 7015 90" 0' 109" 55' 109" 48' 

Tho niliates of neodymium, lanthanum, and yttiium have boon shown to bo 
isodimorphous with bismuth nitrate (p. 231) 

Since double nitrates are nathor uncommon, it is interesting to notice that 
tho nitrates of the rare earth metals foim numerous double salts, of great 
practical value Tho nitrates of Ibo medals of the cerium gioiip form double 
ammoimim nitiates of the type 2(NU,)N03 M(\Oj)3 nfj,0, crystallising in 
nionoclinio prisms.^ 

2(NIf,,)X(),.].a(N(),), tlfoO a. c- 1-2175 1 2*1863, ^=112" 3G' 

2(NJl4)NO^(’o(NO.)', IILO u A r- 1 2321 I 2 1695, /?=11L>"45' 

2(NigX03.“I)i"(i\0j,‘lll,0 a h (-1*2119 I 2'118(;, /j=113" 1' 

Of the double iiiU.iti's fonned with alkali nitiatos, only those eontaining 
rnhidnnn aie of the L\])e 2M\0,X(XO,), lll^O, and isomoi plious with the 
ammonium salts Tlio lollowmg d.ila aie (luo to Wyiouboir " 

a b ! 3 > H 

2llbXO, (V(NOJ. lllgO 1*2298 I 09910 101" IG' 

2U1)N0‘ l.a(X(),)’,41l.,0 12319 1 0 9888 101" 

2UbXO'i NcKNti,,).. nf.O 1 2270 I . 1 0153 100" 29' 

The corresponding prascodymium-rubidiurn salt has been prepared by .lantseh 
and Wigdorow,^ who bavo likinvisc prcpaicd tho thallinin double salts 

2T1N03.0 o(N() 3)3.4 II.jO and 2TlN03.La(N03)3 

which they state are isomorpbous with the preceding salts 

Tho following melting-points and densities of the pieceding double iiitiates 
have been determined, mainly by .lantseh and W'lgdorow • — 



cv. 

l.a. Tr. 

Nd 

Ce. 

La Pr. Nd 

NH 4 

74’ 




2 151 

Rh 

70“ 

86 ’ 63 6 ’ 

47’ 

2*497 

2*497 2*50 2’56 

T1 


72’ 


3 326 

3*318 


> Taken from Grotli, VhevuscJic Kry^alloqraphte vol. ii , 1908) 

^ Dula from Grntli, opus cil. , cf. Wyi-ouboff, Bull. Soc frarti;. Afin , 1906, 2g, 324. 

® Wyiouboir, Bull. ISoc. fran^ Min., 1907, 30 , 299 , tho choice of B^e 8 and paiurnetral 
plane ia not tlm •^ame aa that for which tho ])reccding data concoining ammoninm salts 
apply. 

* Jantsch and Wigdorow, Zeilsch anorg. Chem , 1911, 69 , 221. 
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The other double nitrates containing the alkali metals will be described 
under the headings of the lare eaith metals. All the doublo nitrates are 
best crystallised fioin fairly concentrated nitiic acid at comparatively low 
tempeiatures, e.;/. 30" U. At teinperatnies al)o\e 70", auhtf irons dnuftlt salts 
separate out ^ They aic of tlio t}po 3M'N().,. cr}st.illise in the 

cubic system, and rotate tlie plane of polarised Imhl - When kept at the 
ordinary temperatuio, they become con\erled into (nhei jhiImuoi jihio forms 
having a low degree of syniinetiy 

With the nitrates of ihfitjntt>iuin, no inf, f'of.oft, '/ar, and mamjantsr, the 
intrati'S of the ei'inmi and terbium melalh loim ihmbir sails ol the typo 
3M''(NO,)j ‘J 1 lIjO. These double niti.ites loim a eompii'liensivo 
group of isomoiphous wilts, crystallising in the tugon.d Isealenoliedral) 
system, isomoiphous with the colle^pondmg bismuth double salts The 
following \ allies foi the r.itio (r) of (lie vcitnMl to (he lateral axes liave 
been recoided — ‘ 



Mg 

Mil 

Ni 

c.. 

: zu 

I'V (olth). 

('0 

Nd 

“Di” 

Gd 

1 5 '.78 

1 5720 

1 5775 

1 6G67 

1-6742 

1 1 5077 

i ! 

1 .5590 


Tlio double s.ilts molt in their \sat»‘i of cry st.dlis.it ion at the following 
tcmper.ituios : — * 



Mk. 

Mil 

Ni. 

( «• 


La , • , 

irfs 

^ 7*2 

110*5 

1118 

<iS 0 

Ce . 

in .5 

''i 7 

lOS 5 

9H 5 

92 8 

I’l 

1112 

.si-0 

ioa-0 

1*7 0 

01 5 

Nd . 

1 109 0 

77 0 

105 0 

95 5 

RS 5 

kSni 

' no 2 

70 2 

‘12 1' 

a;j 2 

7o .5 

Gd 

77-5 


7J 5 

0’< 2 

50 5 


The oidei ol fusibility is ihuK loic the s.tme in e.ich senes. 

Tlie solubilities of tlio double ml lates in nitneaeid (of density 1.32.^) at 
10“) have been determined by .Jantseh The follow mg data )e[)iescnt the 
solubilities m gi.vm moleeiiles of salt [im blie at Ih' 


Mg 

Mil. 

Ni 

C’li. 

! Zn 

Ge 1 

0 0382 

0 1103 

0 01<i0 

0 0632 

0 0075 

ha . 

0 0418 

0 11 '.ij 

0 0492 

0 0'j09 

0 0751 

Pr . 

0 0.503 

0 1412 

0 0508 

0 079*1 

0 0888 

Nd . 

0 0635 

0 1816 

0 0710 

O 0923 

1 0 1006 

.‘Sin . 1 

0*1583 

0 3017 

0 1760 

0 2072 

0 2179 

Gd . 

0 2252 


0 2405 

0 2706 

1 0 2&01 

Bi . 1 

0 2603 

0 3712 

0 2612 

O 3090 

j 0 3215 


^ Km ( [)t in the (a.se of tim sodium sails (oi i .i muiii i tlir oiigin.d i i.s luiiln^'uous). 

* I 'lass 2.S of Vol I p. 53. • 

^ Wyioubolf, Hull. Soc Jiani^ Mm., 1907, 30 , , I'.'OO, 32 , 3»)5. 

* Ut'ipol, Zeitsch. Kryst. Min , 190‘J, 35 , 0155 , Kotk, ihid., 1H94 , 22 , 37 ; Kiuuh, ibid., 
1901, 34 , 430; Groth, Chemischi KrybtaUogiaphie {heiiiug, 1900-1910), \ol 11 . 

' Jautsch, Zeitsch. anorg. Cium , 1912, 76 , 303 
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Tho densities at 0’ C and the griuu-molociilar volumes of the double nitrates 
are as follows, tho d.ita being also due to Jantsch . — 


76S-3 

2 080 

778 6 

764 2 

2 -] 02 

771 6 

7.58 0 

2-109 

769 3 

761 2 

2*114 

771 0 

742-4 

2*188 

750 3 

723 0 




2 356 707 0 2 315 720 5 2 351 717 5 


The inoro sohililc of tin* prc'ccding double nitiates are he-at cryhl.illised fioin 
nitric acid. 

The nitrates of the metals of tho yttrium group do not appear to eomhino 
with other nitrates ‘ 

Orthophosphates, MPO^. — Few phosph.ites of (lie i.ue eailh elements 
have boon studied in any detail, such infoimation as is avail. title will be 
found under tho headings of tho various metals (Vitaiii phosphates occur 
naturally, <?</. cerous phosphate oi mon.i/ite (p 21S) and yttiiiim phosphate 
or xenotimo (p 220). 

When orthophosphonc acid or an .ilk.ili oilhophosphate is .ulded to a 
solution of a rate e.iith salt a gelatinous precipitate of an oitho[)ho.>phat(‘ is 
produced, which becomes ci}stallnic on standing 'I’lu* piecijut.ite is soluble 
in excess of orthophosphonc atid, but is reprecipitated when the solution is 
boiled ; it is also soluble in dilute mineral acids 


Tiik Kauk Fmuii Fr.KMKM’s AM) TMH (’ahuon (riiour 

Carbides, M('j- -The carbides of the r.iie eaith m<‘l.ils aio rc.idily 
prepared by heating intimate iiiivtiiies of tho laie caiths and sugai c.iibon 
in the electric fuinaco — 

M.()„ + 7(’ .2M(\ + . '!(’() 

Thov weie fust prep.ired by Petteisson, and have been examined in dct.ul by 
Moissan.” It will bo noticed th.it tho carbides of the laie e.iith elements aio 
of the same typo as calcium caihidc, Fa(’.„ and aie not an.ilogous to aluminium 
carbide, Al^(l^. 

The carbides arc brittle, cry.stallme .solid.s, ^^hIcll m thin l.iyeis arc trans- 
parent and yellow in colour. Their densities are as follows -- 

LaCg. (>(h. Pi 0*2 NdC. iSinCa. 

5 02 5 23 5T0 5 15 5 86 113 

The carbides bum m iluoiine wdieii warmed, giMiig rise to 11 mu ides and 
carbon They likewise hum in chloiine, biomine, and iodine \.ipour at 

^ For (loiil)le CDinpouiids wiLli (»rg.uuc suh-itanoes, see K(»lh, ZeitS'h anorg Chem,, 1908, 
6o, 123, 1913, 83 , 143; IJarbien and Caizolaii, Aiii R. Acemi LiiMti, 1911, [v ], 20 , 
i. 184 

PettPisson, AV)., 1896, 28 , 2419 (Co, L«i) ; Moissan, Compt. lend,, 1896, 122 , 357 (Ce) ; 
123 , 148 (La); 1900, 131 , 595 (Pr, Nd), 924 (Sm) ; Moissan and Etard, ibul., 1896, 122 , 
578 (Y) , Moxssan, Ann. Chun. Phys., i896, [vii.], 9 , 302 (La, Ce); 1901, 22 , 110 

(Sm) , Muthmauu, Hofor, and Weisi, AnnaUn^ 1902, 320 , 231 (Ce). 
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tomporatures considerably below a rod heat, and yield chlorides or iodides, 
hydrogen and carbon when heated in a stieam of h}droj;en chloride or iodide. 
At a red heat they are dccoinpo'ied by hydrogen hiilplndc, and bum readily 
when healed in a htieain of oivgen They are decomposed by sulphur 
vapour, but only slowly , selenium at a red heat has more act ion than sulphur 
on the carbides. At lliOO* they aio decomposed by nitrogen (oi better, 
ammonia), nitrides being formed The caibides aic un.iltacked by cold, con- 
centi.itcd iiitiic ami siilpburic acids, but the l.ittci acid oxidises tliem slowly 
when heateti They aio decomposed by fusion with potassium hydroxide, 
carbon.Ue, nitrate, cbbn.ite, or permanganate 

The most int cresting piojierty of the laie eaitli cai bides is then* ludiaMour 
towards cold water, wliicli lapidly deconijuisr-s them with tin* cxolntion of gas, 
tlio foimation of a little bijiiid (nnsaturated bxdiocaiboiiH), and the precipi- 
tation of hxdioxides, M(Oll),^ The chief constitiK'iit of the gas exolved is 
acetylene (118-72 jier cent ) , the constituents next in <piantity aie hvdiogen 
( 5-14 per coni ) and elli.mc (S- 1.3 per cent). Jbdli tlie aeetxleiic and the 
ethane are accompanied liy small amounts of tlieir h(tmologues. Kthxh'iie is 
alH(» jnesenl (5-9 pei I’ciit ), but inetliaiio is absent Ap[)aiently the initial 
reaction is — 

M(\,-H31I,0 = M(()ll),-t-(',ll, fll.,, 

followed by th(' li}diogenation of part of the .iMt\l(Mie to etli\leno and 
ethane - 

Carbonates, M,.(('0,,)^ — That tiie mm* eaitbs are stiongly basic oxides 
IS in<bealod by the fa(‘t that iioriii.il e.ubonates of the i.iie (.Dili (dements are 
ea-iily piepaicd They may be olit.imed in the ei}st.dlme foim liy passing 
a eiirreiit of (•.•ubon dioxide thiough a(pic(ins siisjxMisioiis of thi' liydioxides, 
and as an^irjdious or crystallim' ])ieeipiiates liy adding a xeiy dilute solution 
of an all.ali eaiboiiale oi I uc.d l)ou.ite t(( dilute solutions of laie earth salts 

The iiorm.'d car)»on.ite.s aie insolu))le iii wat'o When tin* pieei(>itatod 
caibonates aie allowed to ^land in contact with conc('nli.it(‘d alk.ili cailxmato 
solutions, tiieyare ti.insfoi nn’d into eixstallme (/omA/c cttifionaft'H The double 
salts m.iy be diroetly piecipit.iled )i\ .iddmg .i ('(meoiitiated s(»lution of a laro 
caith s.ilt, diop by diop, to .i cold, eoneenti.it»’(l solution of <ui .dk.ili e.u bonate. 
(i ) The doiildc salts of the emnm of hk tals ar(» sbghtlv soluble in 

coneeiitialed noil nun ur ammojaiim c.ubonate, but leadily soluble in (*oneen- 
tiated carbonate solution, the (uder of nuieasiiig solubility ])eiiig 

lanthanum, 0(1 iimnim, rninm, and Ji((»lvuuum * Tlie potasHumi salts may 

therefore be ])repaied by Jidding the re(jiiisite laie eaitb eldoiides to exec'is of 
coiicentratod potassium e.iilionato solution, warming to dissohe tli(3 jne- 
cipitates, cooling, and dilntuig slight lx , the jiotassnim neodymium and 
pot.assiiim-praseodymuim salts may be obt.iineil in ghtteimg m'edh’S by 
the slow evapinaiion of tlicir solutions in ]iota‘'Siiim eai bonate (i- ) 'J’lie 
double salts of the yttrium yroup of elements are inmdi moic leadily 
soluble in sodnnn or (immoniuui carbonate tluiii tlujse of the eeiiiim gioup, 
particularly w'hen warmed* All the double caibonates aie (b’eomposcd 


* Even in llie case of cci luni. 

* Dainii’im, Compt 7nul , 157 , ‘214 , rf tlio piexiouh n-foronres 

* llillei, Infiugural Dusscrfutum (Itfilni, IKOl) , R J. Meyer, Zcxl\ U nvoig. Chnn., 
1904, 41 , 97, Arnold, />r , IPOfi, 35 , 117*1 

* Diubbliaeli, Ber., 19Ue, 33 , 3oO(3 , Dennis and Dales, J. Amer. Chan. Hoc., 1902, 24 , 
400 ; Arnold, loc. cit. 
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by water or dilute alkali carbonateS) particularly the sodium salts, and the 
salts of the cerium group are more readily decomposed than those of the 
yttrium group. 

Tlie sodium, potassium, and ammonium salts are of the type R^COg. 
M 2 (G 03)3 and sodium salts of the type SNa^COj 2 M 2 (COg)j arllgO are 

also known. 

Cyanides. — The simple cyanides of the rare earth metals are not known, 
hydroxides lieing precipitated when attempts are made to prepare the salts 
from potiissiiim cyanido and rare earth salt solutions The platinocyanides, 
however, are beautiful crystalline salts. Those of the metals of the cerium 
group are monoclinic, yellow in colour with a blue reflex, and belong to the 
typo Pt^M.^(GN)j 2 18IL0 , those of the metals of the terbium and yttrium 
groups aie rhomlnc, led in colour with a green reflex, and belong to the typo 
Pt8M2(CN)j, 211120:—! 

tt b c. $. 

La2in,(CN),2 lfill.,0 

Ccjl>t,(0N),,.18li;0 OuSOO I Ofwj: 107" 33' 

“Dij”l*ta(CN)ijiai\0 0'580C I 06517 107‘ 29 5' 

o h < Dciisiti, 

Gd2rt/CN)i2.211I.,0 .. 2 5(13 

Y.,Pt3(CN)j2 21 ll.,0 0 bl)2(» I (J 0157 2'376 

“EiV’l’t3(GN)i2.2rH20 0-8965 1 0 6191 

Thiocyanates, M(GNS) 3 . — Thcsi* salts aie le.idil} soluble in water 
and alcohol. They form double salts with nieieuiic cyanide, of the 
type M(GNS)g 3Hg(GN).,. 121120 The lanthanum and renum salts are 
monoclinic — ” • 

La, a h c- 2 2787 1 2 5787, ^ = 92” 37' 

Go, a h c -2 2921 I 2 5655, p = 3d' 

but the pttrnim and erbium salts aie tricluuc — 

Y, a b r = 2-2815 1 2 5836, « = 79“17', /3-=]02'43', y-88“ 21' 

“Er”,<i.A C--2 2697 1 2 5976, a = 79’4r, /i=102“43', y.-SS’ 30' 

Formates, (II G0(J),M. — The foimates of the raie earth elements foiin 
well-delined crystals They belong to the regular system, crystallising in 
pentagonal dodecahedra.-' The foi mates of the cerium metals are sparingly 
soluble and those of the yttrium group fairly readily soluble in water, the 
formates of the terbium metals being intermediate in solubility. These 
solubility diflorcnces have at times been utilised for fractionating the rare 
earths (see p 347). 

Acetates, (C-H., C()())jM. — These salts are readily soluble in water. 
Basic salts do not separate out from dilute boiling aqueous solutions 

' Toj)Soe, Bihang K. Hvcnska Vft -Alud Ilandl., 1874, 2, No. S , Sudcrstiom, Zeitsch. 
Krif<iL Min., 11)02, 36, 194 (Pr), HauinhuiiPi, Zeit.tch Kryst Min , 1907, 43, 366 (Y) ; 
Tachirvniski, ibid., 1913, 52, 44 (Y) , Boguslawiki, Ann Physih, 1914, [iv ], 44, 1077 (Y). 

■“ Topsoe, Bihang K. Svenska Vet Akad. Ilandl, 1874, 2, No. 5. 

* Bohieiia, Arch. Nierland., 1901, [ii ], 6, 67 , Bee. trav. chxm., 1904, 23, 418. 
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Oxalates, — Tho oxalates arc readily obtained by the addition 

of an ai[iiL‘(iiis solution ol' oxalie acid to solutions of solnl)l(' salts of tho rare 
eartli elements, they aio ])ei haps best ohlaine<l fiom the nitiati's ^ Tin* oxalates 
are first piccipitatcd in the amoiphous stale, but on wanning and sliaKiii}:; 
they rapidly liei'ome eiystalhne. Tin* salts thus obtameil .iie liuliatcil, 1 
nioleculo of the ox.ilate being as a rule associated \sitli 1), It), oi 11 molecules 
of water. 

'The oxalates of l.inth.inum, ceiiuiu, and “didsmium” of the typo 
111I.,() aio isonnuphous, cixstallising m the mono« hnie systi in ■ — ® 


La 111.0 

a h f 

1 OT.'IO 1 J 1 750 

a 

1)2’ 27 

(v;((\o,)jin;o 

11:100 1 -JOOOS 

D.-) l.T 

“ 1)1?(C),0,). nfl.O 

1 otiD.i 1 2i;n<) 

92 17 


and the onneah\ draft's of lanthanum and eeiium, \L(( \( ),) . 01 L( >, aio also 
isornoiphous, ci \ st.illismg in the fell uj;(inal m\s1i m 

Tho oxalates aie juactuallv insoluble in watei The following table 
contains the solulidily <leteiimuations that ha\e been ])ublislied, the d.ita 
representing luilligr.ims of anhxdious oxalate* pei litu* at li>“ *J7 ’ t’ - - 


Sulid 1‘liasc 

! 

n 

(' 

I). 


. ! 0 62 

0 70 

0 

1 ‘21 

('eiao^ lOjf.O 

1 0 11 

0 ir» 

0 SI 

0 99 

ri.((’;o4>, loii.o 

' 0-71 




Ncl ((\(),), lell.O 

Sin..((\. 0 ,b I'MI.O 
Yjd’.tV'i^lLO” 

1 0 19 ; 

0 31 

1 ) fcO 

0 7 3 

1 O.'.l 1 




’ 1 (HI 





.) 34 





Tho X'aliK’s given uiidei A wen* deteimined bv Hinib.K h and SiIiuImiL’ by 
the eleeti leal condmtiMlx method 'I’he othm \alues .no due to ll.m''ei ami 
ller/leld,' tlmse gi\en undei H wc le (letemniied fioiii (’onduetiMt \ im-iisiue- 
inents, ami tliovc under t) and D by the giaMinotiic and xolumetne an.iixses 
of tho sat mated solutions Tho detei inmationH aie onl\ ii[)|iioximately 
correct, but they show the oxalates of the ytliium gioup to be mol e . soluble 
m watci than those of tin* eeiiiim iriou]) 

The oxalates are sliglitly soluble m dilute mineral acids, the solubilities 
incieas'iig wiih the conecntiatioii of the acid and witli the tempeiatine 'I’lic 
solubilities in acpieous sulphuric acid at lih” have becai caiefullv <h‘tca mimal 
for a few oxalates,® the results aie shown giaphic.ilh in fig -1, in which, 


’ On the piecipit.itaai of the jmiio oxahitin, hn- tho sictnai on anfiblinil cIm nintry 
(p 3o8) 

Wyioulmfl*, Bull Sor franr. Mm , 1901, 24 , 106, 1002, 25 , 60. 

*> WymulM.H, ihid , ]■'')!, 24 , 111 

^ Run bach and Schn lust, ^^nsc// phtt'fdal , 1900, 67 , 183 

® I'ltcd III Meyer iiiid Hauser, Die Aiinly\c da .sckaiai Eidru mid dfr Brdsauren 
(Stuttgart, 191*2), p G 1 

® Hausc'i and Wiitli, Z(ih>h anal, f'hfin., 190 ■<, 47 , 380 , Wirtli, /fittoli anmy J'hcm.^ 
1912, 76 , 174; Meyer and \Vass.juchnow, cited 111 Moyer ancl HausPi, (nni8 at (Nd), cf. 
Biaunei, Trans. Chem. iuc., 1898, 73 , 951. 
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instead of plotting the amounts of the oxalates contained in tho solutions, 
the equivalent qualities of the oxides have been indicated. The solubilities 
of scandiuiii and thoriiini oxalates have also been indicated for purposes of 
comparison. Were it not for the position of the erbium oxalate curve, it 



Fia. 21.— Solubilities of the oxalote*- of sonio of the niic earth (■lenu'iit'i 
in aqueous sulphunc acid at 25° (J. 


might bo concluded that the more basic tho rare earth, tho more soluble is 
tho corresponding oxalate in sulphuric acid. 

A few of the experimental results for the solubilities arc contained in the 
following table, the data denoting giams of oxide ((VO, in the case of cerium) 
or anhydrous oxalate per 100 grams of saturated solution : — 
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Normality 

of 

Suliiliuiic 
Ai‘nl i 


0 10 
0 60 
] 00 

1 50 

2 00 
3 20 


0*10 

0- 50 
1 00 

1- 44r) 

2 39 

3 00 


0 60 
1 00 
2 00 
6-00 


Solubility of Oxalalo 
m Teiiiia of 


Oxide 


Anhydrous 

0 \.ilato. 


La-^CCaOJj 101 1.0 


0 0208 
0 0979 
0 2383 
0-3190 
0 1417 
0 7632 


0 0346 
0-1628 
0 3962 
0 6304 

0 7344 

1 2690 


C<-2(C,04)j 


0 0136 
0 0524 
0 1140 
0 1764 
0 3083 
0 6300 


0-0216 
0 0828 
0 1802 
0 2788 
0 4873 
0 9967 


Ndyrp,), lOHaO . 

0 0330 ; 0 0552 


0 0752 
0 1872 
0 0003 


0 1-235 

0 3074 

1 0840 


Nurinahtv 

of 

Solubility of 0\.ihilc 
in Tciina of 

Sulphuiic 

Acid. 

Oxido 

Aiihxdioiih 

Oxalate. 


Snij(tV>4 

lOIlp 

0 10 

0 uor.8 

0 iiii'i 1 

0 :.o 

0 0.513 

0 Of, 07 

1 00 

0 U627 

0 1016 

1-415 

0-1114 

e 1.804 

2 39 

0 1914 

0 3099 

4 32 

0 4328 

0 7008 


Gd..(l ’.O 4 

, loll A 

2 16 

0 1883 

0 .1005 

3 11 

0 3010 

0 4. -'03 

4 32 

0 1350 

1 0 6956 



'/•II . 0 . 

2 16 

0-352 1 

1 0 6.'‘84 

1 32 

0 72 56 1 

1 i-iooo 


Kr.,((V), 

, 1 111,0 

2 16 1 

0-329 

0 .')H 

3 1 1 

0 1915 1 

0 771 

1 32 

0 704 

1 100 


Wlion tlio conLC'iitititioii of llic siilpliuno acid ()\<<‘o<ls a ccit.iiii miIik', tho 
r table solid phase in contact with tho solution changes fioin tho (>\al<ito to 
the sulphate ^ 

Tho lf\alates of tho larc caith ch'inents ate iiioic soluhlo iii {upicouH 
hydrochloiic than in sul[)huiic and, dilh-rini, in this ro^piu-t limn seandiiim 
oxalate (see p 21 1 ) This will bo soon from lig 22 , whuio th(‘ n‘MdtH 
for colons, iu'od}iiiiuiii, and so.uidium oxalates aie n'piesented giaphieally. 
Tho nil in Cl I cal data'-* are sus follows, in giains of aiihulious oxalali-pei 100 
grams of solution — 


Normality of 11 01 

0-1-25. ! 0 25 ! 0 5 1 1 0 1 5 1 2 I 3 

1 1 1 _ 1 1 

4 

5 

Cc 3 (C.jO ,)3 lon.o 

0 0151 ! 0-031.3 ! 0 0812 ! 0*197 1 0 0 532 i 0 977 

1 5'. 5 


Nd.^(OA)3 lOd'.O 

0 0-270 , 0 0732 0 3 J3 1 

, ' ' 1 1 


1 721 


From hot, coiiceiitialed hxdiochloiic and, tho tuahithlumlni of IIk' laie 
oaith elements, M(('20,)()l a-ilj), may be ohtaiiiod ‘ 

The oxalates of the rare earth elements are pradicallv nisoliiblo in 
aqueous oxalic acid, thereby resembling thoiiuin and scandium oxalates, 
but differing from tin* yarconiuin salt Morcovei, the addition of a moder- 
ate amount of oxalic acid greatly reduces the soliihilities o( the oxalates in 
mineral acids, a fact of gicat piaetieal imporLance The extent by which the 


* Sl*o Wiith, Xetlsth avnrg. Chem , 1908, 58 , 213. 
® Tikeii fioni Meyer and Hauser, o/mt tit. 

* Job, Com^. reruL, 126 , 246. 
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0 ! 2 3 4. bN. 


No final ity of Acid 

Fio. 22.— Soliibilitii'b of tlie oxalates of coiiuni, iioodjiiiiuni, aiirl scandiiiin in 
aqueous li^druchloiic and sulphuric acids iit C. 
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solubility is diminished may be seen by coinjiaiing the results pjiven in the 
followin<r table ^ \Mth those already quoteil (solubilities in j^rains of anhydrous 
oxalate pci 100 ‘Trains of solution at ‘25" (' ) — 

I 

Solubility of 

I Of. ((\Ab 1011.0 Sin, ( 0 , 04 ), 1011,0. 

0 0030 
0 0105 
0 0016 

0 0025“ 0*0009 

OnolO- 0 0010 

0 0032 
0 0042 
0 0057 
0 0080 

Th<‘ dinnimtion 111 the sohilulily of lanllMiniin and ceions oxal.ite.s in .njneous 
suljiliuiic acid, bioii^rbl about by s<ituiatiiuT the Holutions with acid, 

IS slioNMi ^rajibicully in lij; 21 by the dotted lines, wbicb lejni'seiit the 
results of Wiilb 

'Hie oxalates of the ceiiuin irioup ai(‘ pi.ietically insoluble in diluto 
arjiieous solutions of alk.ili oxalates, ibosii of the yltiiiiiii irioiip are 
lierceplibly soluble. ()ni‘ of annnoniuni oxalate dis.sol\ed in .‘IS irianis 

of wateji at JO’ (J. diss<»l\es the oxalates 111 cjuantities eijuix.dent to the 
follow iniT amounts of oxides — 

UxkIo I ! ri/», I NMOj (V./) ; V,(), “Vb;’(),l ThO.^ 

“ 1,1 

(;ianis(lisv)l\o(l 0 00023 0 00023 I 0 00034 0 00O12 ' 0 00256 , 0 0211 | 0 6‘20 

Kehitivn solubilitio', , 10 11 14 18 ' 11 0 j 101 0 j ‘2(i»i3 

It IS ideal tb.it the eider of ineieasm^T solubility of the ox.il.ite.s is a[)prr)iii- 
inat«d_\ the ordei of decicasnur basn* stieu^tb of the <‘oi mspoiulin'T oxides. 
The sli^dit .solubilities of the oxalates of the raie eaith (dements, in comparison 
with the .solubility of thoiium oxalate, is also obxious 

Aniinonniin and potas.sinni oxalaU-s aic bettei sohenls foi the ox.il.ite.s of 
the yttrium than sodium oxalate The solubility of the oxalates of 

the lare earth elements in solutions of these salts is connected with the fact 
that double or complex oxalates are piodnccd In the yitiium ^roup the 
douhle ammonium ojalnfe^ may lie readily prepared by di.ssolvmg the rare 
earth oxalates in hot, concontiated aininonium oxalate and cooling tho 
solutions . tho salts thus obtained aic of coii.siderablo value for the sepaiatiuii 
of the \ttiia earths Vaiious double oxalate.Si are stall'd to be formed merely 

’ Hauser and Wirth, loc. cit 
^ These result'. a}i[ip.'ir to be in 01 mr 
* lirauner, Tuixfi ('hem Hue , 1898, 73, 9j1. 
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by the addition of soluble salts of the rare earth elements to concentrated 
solutions of ammoniiini nr an alkali oxalate (see pp. 425, 431). 

In consurpieneu of this tendency towards the formation of double oxalates, 
occlusion of soluble oxalate occurs to a notable extent when the oxalates of 
the rare earth elements are precipitated by means of soluble oxalates instead 
of oxalic acid. This is the case oven w-ith the oxalates of the cerium group.' 

It has been mentioned oral orhl or ides may be prepared by crystallising 

solutions of the oxalates in hot, concentrated hydrochloric acid. These salts 
may iiKo be prepared by dissolving the oxalates m concentrated solutions of 
the coriesponding chloridos.2 Analogous idea and oxalododules 

stated by Job to exist The oxalates are about as soluble in dilute nitric as 
in dilute hydrochloric acid, and may be crystallised unchanged from the 
solution, but when heated with concentrated nitric acid decompo.sition ensues 
and oxalonitmtn arc produced.® On further heating with boiling, con- 
centialed nitric acid, the oxalonitiates are readily oxidised to nitrates. The 
convoisioii of oxalate into nitiate in this manner proceeds very readily in the 
case of tlie cerium salt, the presence of which also has a very marked catalytic 
eflTect in increasing tlie rates of oxidation of the other oxalates^ Oxalo- 
nitratcs may in cei tain cases be pioduccd by dissolving the oxalates in con- 
centrated solutions of the coircsponding nitrates (sec, ey., p. 420). It is 
probable that ojLalnsnlphntn may also be prepared. 

WIk'u heated, the oxalates lirst lose their water of ci ystallisation, but it 
IS almost impossible to obtain the pure, anhydious oxalate'-, decomposition 
commencing before the last traces of water arc expelled. In decomposing, 
the oxalali’s first evolve caibon monoxule, leaving behind the oarhonales, 
and the latter then lo.se eaibon dioxide and leave the oxides. When thus 
heated to rcdiu'ss in air, ceiou.s oxalate le.ivos a residue of ceria, Cef)^, 
praseodymium and teibium oxalates leave peroxides of the (approximate) 
composition MjO^, and the othei oxalate.s leave the sesijui-oxidcs, M^Og, as 
residues 

The oxalates of the rare earth elements are extremely important sub- 
stances from the practical point of view At times they may be conveniently 
prepared by heating the privipilated hydroxidc-s, carbonates, or double alkali 
sulphates with aqueous oxalic acid. It is often nccessaiy to transfoim the 
oxalates into soluble salts The conversion into nitrates by heating with 
nitric acid lias been mentioned The oxalates may be transformed into 
anhydrous sulphates by heating with ooncimtrated sulphuiic acid By 
heating with concentrated alkali hydioxide (preferably potassium hydroxide) 
they may h(> eonvoiled into the hydroxide.s, winch may then ho dissohed m a 
suitable acid. Tlie transformation from oxalate to another salt may often bo 
readily earned out by first igniting tho oxalate to oxide and then dissohing 
the lattei in an acid, unle.ss a inixtuio of oxides is obtained containing more 
than 45-50 per cent of ceisa '* 

Ethylsulphates, J) — The ethylsnlpliates of the rare 

earth metals are beautifully ciyslallinc salts They may be piopared by two 

' Baxter and GiiHin, J. Amer. Chem .S'ur , 1906, 28 , 1684 , BaxtiM and Daudt, ibuL, 
1908, 30 , 663. Sop also p. 36S 

* Miitisiion, Ann. Chim Phtfs , l'}06, [vui ], 8 , 213. 

* Biauiier, Trans. Chem. Soc , 1898, 73 , 951; R J. Meyer and Marckwald, Per., 
1900, 33 , 3003 . 

* Haibieii and Volpino, Atti R. Auad Lincei, 1907 [v.], l 6 , i. 399. 

® For tlie necesaary procedure la such a case, sec p. 332. 
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metliocls ■ (i ) rlou})lc (Icpotnposition hctwcen barium othylsiilpliato and tho 
rare oaith suljihatcs, rijjorously t»\oinpt from free aoid, and iTvstallisatioii of 
tlic liquid al as low a Itunpeiatuic as possiblo after reiuoMri}' tho baruiin 
sulphate,^ and (ii ) double decomposition between alcoholie solutions of 
sodiuin elhylsuljili.ite and the raie earth chlorides, sodium chloride being 
precipitated ^ 

'riie cthylsulphates form a strictly isomoiphous series of salts, ciystallis- 
ing from water as tho hydiated salts M((\nr, SO,)j.9ll ,0. which belong to tho 
bipviamidal (“lass of tho hexagonal s\stem. Twelve of them have been care- 
fully examined by Jaeger, to whom the following data are duo — 


Silt of 

Doiisily 
at 2.r 

M(doc. 

Volume. 

Axial Itatioa 
(* c. 

Salt of 

Doiisilv 
at 2.6"“ 

M..l('c 

V'lliimo 

Axial KatioB 

(1 f 

la 

1 ‘ttf) 

.366 “6 

1 

0 .'.073 

Gd* 

1-919 

362 0 

1 ; 0 50.60 

1 'i> 

1 9.30 

3.61 1 

1 

0 :>t)7.6 

I)y 

Y 

1 942 

.100 4 

1 0 -.51150 

I’l ‘ 

1 S7«» 

361-1 

1 

u jiifiS 

1-764 

3.64 9 

1 : 0 5035 

N.r‘ 

1 sS3 

362 1 

1 

0 ,6068 

Ki 

1 907 

869-8 

1 0 5063 

Sill 

1 901 

3i;i 3 

1 

0 .6072 

Tm 

2 001 

352 8 

1 0 5014 

Kii 

1 909 

30l 2 

1 

0 5058 

Yb 

2 Ui9 

3.61 4 

1 0 5079 


\eooidiiig to J.K'cei, in no case does tho axial latio a * c dillor from tho incati 
value 1 0 oiXlj + 0 0012 by moio than can bo attributed to experimental 
error Scandium ethylsiiljihate, moreoxer, is not isoinorphous xvitli the pre- 
ceding salts '' 

TIm' ethx Isuljiliates aio extiemely useful salts to use for tho fractional 
crystalli'^fition of th(‘ earths of tho xltiium group 

Acetylacetonates,'* Nbdlf , tdl CO dll — Those substances may 
1)0 pie]).ii(‘d bx sli, iking the hvdio\idi‘s xxith a (lilute alcoholic solution of 
aectx laci tou(‘, <ii, mon* siiu})lv, bv adding a slightly aunuoniaoal solution of 
acetx lacetoiie to a neuti.il soluLion of the chloride or nitrate They are 
sp.'iringly soluble m water, but may bo crystallis'd from acpieous alcohol or 
organic sohciits such as ben/ene, chloioforni, etc 

Tlio melting points of tho acctylacotonates arc not very definito W Hilt/, 
gives the following values — • 

ba Ti. N(1 Sm 

IS.r l.ll-S* UG“ 141-G" llG-7* 

Tho cei’ous compound forms a triliydnite, in p. I to’ C Tho acctylacotonates 
cannot be subliinod xvithoiit (lec«uiipo.sition taking place In this respect, and 


* []rhA\\\, jUtilf Snr. c/ain , 1S98, [ni ], 19 , 376, Ann Chnii Phys , 1900, [vii.], 19 , 
184 , J Chim pfiys , 1906, 4 , r »6 

® .lamps, 1 / Amrr Chftn jS'dc,, 1912, 34 767 

• (Jf. M 01 ton, Kryst Mm, 1‘'87. I2, .617. 

^ i'f RiTiPflirks, /•if'trh. anorq Chem ,1900,22 413 
J.ioger, Pme K. Akad \Vrten<^fh Am’dfrdam, 19M, 16, 109a , trnv chxm , 1914, 
33, 342, • 

“ Hi I'.iin, /?(/// Snr chim., 1897, fiii.], 17,98; Ann ('him Phyi ^ 1900, [vii ], 19 , 184; 
Uibiiiii and liinliM hoAskv, (hnnjtt rnid . 1897, ^ 24 , 61S ; llant/Hch and Descli, Annalvn, 
1902,323 1 (La), W. llilt/., , 1904, 331 , 314 (La, Cc, Pr, Nd, Sin), W I'.iltz and 
Glincli, Zi'ilsih anorg Chem , 1904, 40 , 218 , .Tames, J. Amrr Chem Sor , 1911, 33 , 1382 
(Tm) ; G. T. Morgan and H. \V. Moss, Tiana. ('hem. Soe,^ 1914, 105 , 189 (Y). 
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tlioy^OMst maitiiy In Bolution 

acetylac,.lon„tc..s L,„ c...vCtl!lI,n‘ u f'" .I = The 

stltlltofl iuninonins, aiul jiviKlinc' coinjunnirls Miih !uimn)iiia, sub- 

eircctniK c<Mnp,.,i,i<I, for 

earth olcnu-nts h? tv,.l,een j.rq,L^p“ of •«>« 

the 'V^r -'^vpre,, i fro,.. 

dcscr.bc.1 - ''’'‘'"'"o •■“•id The folloivi.ig have been 


*, ''"b, I 011,0 

'’'•■/('ii,(('Oo);j.6ii:() 

Nd,,[(!ii,((;oo).,’]f,ii.,o 


<<d2l(;H„((.'0()).,'|K|| 0 

v.,((:il/(’0o).,f.5ii,() 

|•:r„[t'u,(C00),] ioir„o 


yttn..,., 

l-d.(a.s. .„ 7.r, . .••re a.,hy,l,o,„ The 

and ^ •'! a- d.io („ .1 


^rniiij) 

billiiio 
; solii- 
.iiilsch 


CJU()Jlj(;()()i 

(dl,(0H)C()() 

Vn,,(oii)(’()ur 

tL(di.,(()ii)('oo|, 


3 32, S 
3 oi;;t 
3 57iS 
i 1)09 


<'id[('Il"(011)\'()o]o|| () 


0 373 
11117 
3 417 


read.ly soh.l.lu ,|,„se of the U(r„’„., ‘ o.U ‘“o 

water The Bol.ibilit.OB at •>■> ,'i, o,- "'M.liibl.. ... old 

'vate.., are as folloaH 1 ’ ''‘^^olvd by | 0 () of 


Lai 

Co 

Pi 

N(i 


;(tlll.i)jA.s(),l|j|i„o 

,(011,)_,AM)„l,.,n;o 


(cii,)2Aso,;i,8ii,';() 

•LPUsAsiy., 8lf„0 


V. sol , 
V. sol , 
8 i;}, 

n 


•;niri0II,UNO, 1811,0 1 (;,) 
Y[(CII,),.U0,|!I11,() .„,„i 

Im[((!||_,),,AM),] 811,0 i„ol 


‘IP” 

’ /or cii. ~ ~ — 

^ aSi'f p uae 

XII, ra.o c.itl, olcaeat,. seo Cl, a,,, 

83 (La, Co, Y). ’ ' 110 (Co) , Ildlmberg, ;fei/sc/i ana,g rh<ni ,1907, 53,’ 

K.hw“‘“«„fe"'' 1909,'^" of (cq "rf- '"iS”; ' 191'-’, 79. 305 Seo also R,„du, 1, ,„i 
Wl..tte.«o«and Jaraea, y. A,n.r. Vh,k AW 
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The sebacates are of owiiijj to the fact that they are of value 

in quantitative analysis The folI<»\\in^ Inno heon dcbcrihecl — ^ 

La,I(l,lIj^(C()()).J,L>n.O Sin.|(\lIj,(C()()).1.41!,() 

rr;|(\ii,,(r(Kn;i, lmKo v4(yi^y(coo).i; in .() 

N<I,[(yi„((:ooj,i,;tii,() 

The dimethylphosphates, M|(( <11 aio of consuhuahln pnu’lical 

value 111 the cerium jxiou]) they aio ic.idily soluble and in the yttiium 
gioup sparingly soluhle in water, and all the salts aie h'ss s«ilul)le in hot 
watei than in cold AVitli the (‘\ce])tion i)f the lauthanuiii ami ('(‘1111111 sails, 
tlie\ aio anhydrous Tu the eeiiuin ^^loup the salts ciyslallise in hexaLinnal 
plates 01 ]uismM, but in the teilnum and yttnuiu j^ioups tlu'y ei\slallise in 
loufj: needles The soliibilitu's, 111 plains of anUwlious salt per 101) giains of 
water at 20 “ and 9r)°, aie as fallows — - 


1 Salt (if 1 

2 ',° 

9^“ 

Sdt.if 

25* 

96 

1 

Silt nf ] 

1 

•.r>' 

1 

1 

06”. 

i La 

lo:j 7 


Xd 

60 1 

22 ;t 


J s 

0 6 ! 

! (\* 

79 0 


Sm 

36 2 

10 H 

Ki 

1 7S 


I’l 1 

1 

04 1 


(M 

23 0 

0 7 

M) 

1 2 

1 

0 26 


'I’lie m-nitrobenzenesulphonates, 

fill the sepai.ition of the eerinni nionp TIkt an* leadily soluhle in water 
and crystallise loadily Two isonioijihous senes aie Iviiown (i ) tin* h('\a- 
Indiatchof the La, (’e, I’l, and Nd s.dts, and m ) the heplah\diali s of the 
Sill, tld,^and V salts 'I’Ik' soliihililii's at 15 , in oianis of anh\dioiis salt per 
100 grains of water, an* as follows — * 

La Oc I'l N-1 ' Sin CM Y 

1 f) 0 25 5 X\ t) t G 1 50 9 4 5 S 18 3 


The I : 4 : 2 - bromonitrobenzenesulphonates an' well -dt lnied 
er\stdliiie salts, ciy stallising with 8, 10, 01 I 2 II 4 ) The following have 
been piepaied -- 


La((.’JLlb N<b SO,),.SHoO 
(V(0ell,lii ^02SO,),811.'0 
ri(CJI,lb M->aS(),b MI,0 
Nd(<'„Ilj!li NOo SUdjSlfaO 


Sin{(',n,Ui XO SO 10! 1.0 
Eua’,jl,’H' X<»>0 I'd 10 
0.1((\,ll,Ib XO^M),} loll.O 
Y-«’,.Hjl»« N '*- 80 • I'UIp 


Ki;(;m bi Xo. .so,^, ]2ii.,o 

Tni(( ,,H Jli NO,/ SO,), 1‘JlfjO 


The solubilities at 2 5 (expressed as mams of aidiydious salt iii lOO grams 
of satuial<‘d solution) aie as follows — ' 


La salt 

177 

Sm salt 

7 27 

Kr salt 

G0(i 

Ce „ 

5 oG 

Kn „ 

G 31 

'J'in „ 

6 :(K 

Vr „ 

5 73 

Chi „ 

5 91 

^1, „ 

7 'I'i 

Nd „ 

G 7G 

Y „ 

5 74 




The p - dichlorobenzenesulphooates ami p - dibromobenzene- 
SUlphonates of a number of laie earth idemciits li.'uo be(Mi examined 


1 Wliittcmorc* andJiimes, nt 

2 J. n Morgan and , lames, J Aniey f'hrm ,So( , HO 1, 36 , 10 

* Holmberg, Zrtfsih aiwjy ('hrm , 19'J7, 53 , .’<.1 

• Katz and James, J Awi f'hem. AV., lUld, 35 , tt72 See also fig. 35 on p 320. 
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cryatallographically by Armstrong and Rodd.^ The dibromo salts of the 
cerium group form hydrates with 9H^O and \uth 1811,0 (Sm salt not known). 
The enneahydriitps form a series of isomorphous, orthoihombic salts • — 


La((\H 3 Tr 2 .S 03)3 9IloO 
Ce(Cyi;Br2 

rr(0„Il3Rr2 803)3 9 H ;0 
Nd(Cy 133^2.863)3 9H“,0 


l-39r>r)*l - 0 8703 
1 4106 1 0 8873 
1-3964:1 : 0 8798 
1-3990 1-0 8789 


Oadoliniurn, however, forms a monoclinic hoptahydrato, (iV^dj.H.jljro 803)3 
7 H. 2 O {a\h c=l-2o95-l 0 6031; /^ = 89'’ 16') and a inonochnic ^odeea- 
hydratc, (id(C 3 Tl 3 Br 2 . 8 ()g) 3 12IIoO. The latter is isomorphous with the 
praseodymium and neodymium salts of p-dichlorobenzeno sulphonie acid — 

a h r $ 

l'r(C 3 H 3 Clo 803 ) 3 1 2 TT 2 O 0 r)887 - 1 : 0 38 1 9 , 76" 26' 

Nd((Vl 3 Cl 2 8 ( 33 ) 9 0 ^ • 0*3810 j 76“ .'ll' 

Od((l, 113111 - 0 . 803 ) 3 121i;0 0 riorjj : 1 0 3817 . 76" ( 8 ' 


Further, lanthamim and piaseodvmium form i.somorplious, tnclinic penta- 
decahydiatcs, Ija((y S(),).,.ir)ll .,0 {u . c= I 6193 1 1 6028 , a - 76" 26', 
j8=113“ 48', y= 68 " 6 ') luHl’iyOglb^Cl.. 803 ) 3 1511,0 

Various tartrates, citrates,- malates,® etc., have also la-eu examined 


The Haue Earth Ei.kmknts ami IIouon" 

Metaborates, M(IK).2)3 — When the oxalate of a rare earth element is 
added to excess of molten boron se.sipii-oxide, the mass obtained st'p.ii.ites into 
two layers (conjugate phaso.s), the upper one eoiisi.sting almost <‘i;»irely of 
boron sesrpu-fixule. 'riie lower layei solidifies to a glassy mass, whicli (leviti ifies 
when heated for some houis over a llnnsen burnei From it a little bone 
anhvdiide can then bo extracted with boiling water, loaxing as losidne a 
crystalline molaboiate, M''“(I10.,)3 E\en in the case of ccrinm, the piodnct 
IS said to be of this type, if the t-oions oxalate is added to the molten oxide 
in an atmosphere of caibon dioxide, and it is also stated thal coroiis meta- 
borate 18 obtained when ceric oxide is substilnled for cerous oxalate ^ 


SmiTHA OF THE RARE EMITH ELEMENT 8 AND 
THEIR C0MF011ND8 5 

The various typos of rare earth spectra may be classified as follows — 

A. Absorption spectra. — These include the following — 

(a) Absorption spectra by transmission. 

(h) Absoiption .spectra by reflection. 

^ H E. Ainistrorig and Ro<M, Proc. Roy. Soc., 1P12, A, 87, 204 , Rotfd, xhul ^ 1914, A, 
89, 29'J. 

* Holinlipig, loc. nt. ^ Jantsch, CVtm. Zeii , 1914, 38 , 794 

* Gueitler, Zettsch anorg Chem , 1904-, 40, 225 (La, Co, " Di,” Sin, (Jd), ef. Norden- 

akiOld, Pogif. Anruilen, 1861, I14, 61<2, ilolni, /nau/ 7 imiZ (Munich, 1^102) 

® The most comprelu'U'iive ticatise on Spcctioscop} is Kay^ei, Hundburh der Sftektro- 
tito/aa (Hirzcl, Loipziji;, Gvols., 1900-1910). Of the “iiialloi textbooks, Italy, S/mfroscupy 
(Longmans, ‘iiid ed , 1912), and Uibain, IrUiodwtion d Citude de la sited lochnn if {Hainmm 
et Fils, Pans, 1911), may he mentioned, the lattt'r gives a very clear account of the 
theoietical side of the subject. 
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B. Emission spectra. — These include the following . — 

(i.) Ikind spectra. 

(a) Fhuuo .spectra 
' Ue\erHion KpL'ctra f/<* 

(c) Cathodic phosplioiesconce apoctia. 

(li ) Line spectin 

(a) Spark apectra 
(h) Arc apt'Ctia 

(^) X-ray or high fiecpiency spectra 
Tlie above order of arrangement is adopted in the following account. 

Absorption Spectra hy TR\NaMis.sioN and Hkfi k<’T1()n 

General. — The salts (derived from eoloiiilesa acids) of the following rare ’ 
eaith <*lemeiita are coloured, and in .solution e\hibit well-delined absoiption 
spectra in the visible region pia.seodyniiuni, neodymium, bamaiium, europium, 
dysprosium, holmium, oibium, and thulium Jii addition, the sails of terbium 
exhibit a single band in the visible region of the spectiiim Absorption bands 
aie not limited meiely to tlie visible part of the spectium, but may also 
occur in the iiifra-i<’d and ulti.i-\iolet regions The ab.soi[)tion Kpectium of 
gadolinium, foi instance, lies wholly in the ultia-violet 

The absorption spectia of the* rare earth com[)oiindH difiei markedly from 
other absorjition spectia in the huge number of band.s they cihibit, and in 
the gie.it intently and the icm.ukablo naiiowiicss of many of tlie bands. 
Of the \isible absoiption spectra, only those of euiopium and tmhiuni are 
weak. 'Wie pieseuce of the alisorbmg larc eailh elements is thenMon* easily 
detected Furthci, when the absoiption siieclium of a laie eaiili element 
ajipeais only faintly, the element is known to be pie.sent only in \ery small 
conccnOatmii 

The literatuie lelatmg to the absoiption spectra of the compounds of the 
raie oaith chMiieiits is faiily extensive It may be iccalled that the lirst 
obsciw.itions on these spectra wen made by liahr in IS-'i'i and that tlieir study 
w'as ])uisue<l by (Jladstone, l)elafontaine, and otheis At a period when the 
discoMUN of .s.imarskite had l<‘d to renewed inlcicht in the rare caitlis, the 
work of Son't upon then absorption sjindra was of gii'at importance ’ From 
the histoiical ])oiiit of view, the woik ot Kruss and Wilson - is also of interest 
Of the moie modern work, that of Forsllng,^ln<l particularly that of II. C Jones 
and his co woiker'*,^ may be mentioned 

The absoijilion spectra of solids may be examined in the ordinary manner 
applicable to Inpiids if thin, tian.sp.ii cut, crystal slices aic avaikible , other 


^ SiiR't, Conipt jfiid , ls'78, 86 , 100- , 1879, 88 , 422, 1077 , 89 , -'Zl , 18s0, 9^1 U78; 
Anh Sn. phn^ na(., 1878, [u.l, 63 , 11, 89 , 1S80, [m.], 4 , 2G1. 

> Seu P. 287. 

* Forshng. Bihang K. Sifnska Vft-Akofl Ifandl., 1892, 18 , I., N^. 4 , 1893, z 8 , I., 
No. 10 , 18'J8, 23 . 1 , No 5 , 1899. 24 , I , No 7 , 1902, 28 , II , No 1 

* Joni'.s and Amlcisoii, P/ur ^iinri Phif Sm , 199 s, 276 , Amci Chem. J y 1909, 
41 , 276, Joiifs aijfl .Strong, Pun. .l/io'r Phil »Voc., 1909, 4^1 194 , Amer Chetn, J., 1910, 
43 , 37, 97 , 1911, 45 , 1 , 191J, 47 , 27. 12n , Jones and (Iny, ibid , 1913, 49 , 1 , 50 , 257 ; 
Physikal Xcdsrh , 1912, 13 , 619, .f.incs ainl Amlfi'-in, Carnegie MUuti'in PuUuattons, 
1909, No no, Jone-, and .Strong, ihid , 1910, No. 130 , 1911, No 160 , .Tones and others, 
ibid., 1915, No. 210 
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wise it is necessary to examine tlie lipflit tliey reflect for absorption bands. 
Observations uiioii the abMnption spectra of the rare eaiths are usually 
made with salt solutions, <,uMU'i.ilIy with aipieons solutions 

Absoiplion sfHs-tia aie often desciibed by statnif,^ for each band the 
limits bi'tween wliicli abvuption is observed in the spectrum. Tins, ho\\e\cr, 
neeessitules a full deseiiption of tlie (“\pcrimonl.il details to be of real value, 
since llie width of a band is incuMsed when either the concentration of the 
solution or tho ih‘pih of dilution thioui;h which ab.soiption lakes place is 
ineieased Moieovcr, tin* edjies of tho bands an* oftim hazy and dillicult to 
delino With accuracy A belti‘1 method of deseniition is to state for each 
band the wa\e leiu^th coirespoiidinj^ to tho position of maximum absorjition, 
7C \\h,it IS known as tho “ he.id ’’ of the band This is not ni'cessarily at 
the middh* of the b.ind , moreo\ei, a broad band may show two oi more 
inaMin.i Tin* jiosition of the “head" of a hand is, in general, piactically 
independent ol the coiKcntiation of the* solution 

Till' alisoi'filion is said to follow /W’.<c Ltw when the increase m the 
intensity of abmuption at an} point m the spe( timu due to inereasi* of con- 
eentration of llie absoibing solution, may bo exactly nullila'd by a diimmition 
III thickness of the absoihing solution in the same ratio for medi'iately 
dilute solutions (aipieous or otheiwise) (d raie eaith compounds, the 
absorjition is desciibed witli consnh'ialile accniacy by Iks'i s Law, as If C 
Jones and his co workeis ha\e shown 

When tho absorption speetuim of a laie eaitb compound in solutionis 
observed at ditlenmt dilutions Ihiougli tlie sime thiekness of solution, it is 
obseived that certain hioad h.uids seen in conceiitialed solution hecome 
resohed into a number ol nariowei liands as the dilution is continued. 
Eventually, as dilution proceeils, the hands disappear, hut the ddiition at 
which one hind disajipcais is not necessaiily the same as that at which any 
other liaiid ceases to be Msible. Sonn* bands can only be obser\ed in 
moderately coneentiated solution, while others are still visible in cxtiomely 
dilute solution It must therefore be home in mind when consulting com- 
plete lists of ahsoiption bands that all tho bands enumeiated cannot bo 
seen at one and the sime lime, for in solutions sulliciently eoneentrated 
to evliibit tho weak bands olhi'is will lia\e coalesced, pioducmg a smallci 
numbei of bioader bands (see ligs 21 and 25 on pj) 2SS and 21H)). 

When the absorption spectra of vaiious cornjionnds of the same rare eaith 
element aie examined m the ahsenee of any s«)lvcnt, it is found that they are 
decidi dly difleient fiom one aiiothei, although a eoitaiu “family lik(*ness" 
may be appaioiit It was disco veied by Bunsen that the K'lalive intensities 
of the bands in the spectiiim of “didynuum’’ sulphate oct.ibvdiate xary 
accoiding to diiectioii in winch light passes throiiirh the crystal Tins ariircs 
from tlie fact that the crystal is doubly refracting and absorbs the ordinary 
and extraordinary rays uneipially, r e the crystal is pleochioie If Becipicrel 
has studied this ])heuomenon iii gic.it detail for \arious salts of “didyniium,” 
and also for various tianspaient miiiends, such as .seheelite, apatite, pansite, 
xonotime, monazite, etc., which contain “didMuium” either in traces or in 
quantity. The bands differ only in relative intensities, not in actual position.’ 


’ Bnnson, Votn. 1866, 128, 100 , PkiL Maq , 18(>6, fiv }, 32, 177 ; II Bpcquorel, 

Compt rend , 1S.S6, 102, 106 , 103, 108, 1887, 104, 165, 777. 1601 , Ann, CJnm. Phi/s.^ 
1888, tvi.], 14, 170, L'.'i? . G. II Hailey, Brit AbSOt Hep, 18s7, p. 654, 1890, p. 778 ; 
Dufot, Bull. Boc. fran^. Afin., 1901, 24, 373 
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Tlic Absoi[)tioii HpL'ctra of oi jstiils of laio earth compounds are extremely 
rich in inteii'se, narrow hands As the lempeialurc is loweiecl below the 
ordinary, the hands hi'cmne e\en mon* ** iiairow and inttuise * In the immediate 
vicinity of the ahsoijition haiuK. tin* ci\stals exhihil the phenomenon of 
anomalous magnetic rutatoi\ fli-'iieision , a«[ueous solutions of raio earth 
salts e\hibit th(‘ same })henomenon - 

Th(' ahsoiption speetium of a s«ih'l lau' eaith comptmnd dilVeis consukT- 
ably fiom the speetiuin of its acjiuous solution*^ The altMa )»lion speetia of 
the a'lueoua solutunis of s.ilts of a i.ne eaith element diller fiom om’ another, 
but theie is a ^UMter “familv likeness' ladween thesi* spi'etia than het\\een 
tho spectra ol the S(»lid salts theinsihes In fait, tin* dilnti' a<|iieous 
solutions e\hihit ahMiiption speetia which aie often juai lie ill\ identical 
One or two liands ohseiveil with one s-ili lu.iy not he si‘en with anothi'i salt, 
and \anations (usually not \eiy pimaMineed) in the lelatiM* intensities of 
CorrespoialiiiL^ haiaK niav oceiii Moieoxei, tin* wa\e lenulhs ol tlie “ heads ” 
of coiievjjondiiiL; hands U"iiallv dillei onl\ h\ \t'iy small anionnls ' Tho 
ditfeK'iiees in the speetia })eeoiiie iiioie pionouiie< li, howevei, in (oiiceiiliatcd 
solutions In teimsof the ionic tli<-oi\, the lesults lia\«‘ been inteiputeil as 
indieatinji that ahMujition sjjoetia of dilute solutuais aii‘ spei'lia of loii'', hut 
tliat tho ahsoi [ition sj)e<-tiaof i oneeiit lated solutions are the speeti.i «)f ho h 
ions and mohaailes * 'I’his simple cxpl.inatioii, howevei, is niade<piate Kor 
instance, soveial cases aie known in which the speetia au* stnkmi^ly 
ditVeient, instead of hcin«x piaeti(‘all\ idi'iitieal as the lonie (‘\planation 
U'lpnics thorn to he,*' and not inlieipieiill\ the “heads” of (‘oriespondm^ 
ahsorjit ion hands ilin’cr a])])reeiahly in jiositnui * Moieover, the loiiu* inter- 
pietatioii eannot he iecon<*il(‘d with the ie))eati‘d ohsm \atioii that Hem's liaw 
liolds for modciately dilute solutmns, sime it leads to the eoin'lusion lh.it the 
ions of iai(' e.irth elements piodueo the s.ime uhsoiption sjnetia as the 
molecules of I hen salts.’’ 

Solutions of one and the s.ime lare eaith lompound in dillerent solvents 
e\hihit dillcicnt absorption sjieetia Sometimes the dillen'iiees an' veiy 
.stiikin^', in othei cases, the dillmeiiees m.i\ h(‘ "lioht I'’oi example, the, 
ahsoiption speeli um of neodymium ehloiide in f;l\eeiol heaisa eonsiderahlo 
resomhlance to thcspeetium of tho same suhst.UKC in waiiu, the “^dxeciol 

* Pc. J riiil Mn.t . 19"8, [w |, i 6 l.'.li 

- .f I5 p( .[U.-icl, /o. rit ; It \Vu<>«l, /V/i/ t/./ r , IDuS, [ m ], 15 , ‘J/O . Kliiix, 

ZeitsiJi , 7 , u.n 

“* h.tlii uiid lliuiscn, 137 , 1 , IjIUI'UI, /W 7 Amiuhn, ISiaj, 128 , lOO; 

rhil Mtiij , lsi )6 fi\ 1 , 32 , 177 .so'.ihnlJ II r..ul( V, /«"• , .iinl I'.n , I''S7^ 20 , ‘2769, 
3'}2B , 1SS8, 21 , ir»‘20 , 11. Ikniucnl, lot nt , !$• 11. ii.knl, Auotthn, lS'*o,256, If.'' , 1S5J1, 
263 161. 

Halil and I’lUnseii, Zoc cU , r»uii..-n, /.« nt , l'•ld^•^,A« tit , 11. ujum 1, A#, nt. 

® Sec Livi’Uit;, Tiitn\ C'lvih J'/tif Snr , liaiO, 18 , ‘298 , I’uiii^, /'/.» f’linih I'hif ,S'f»r,, 
1903, 12 , ilO'J, ‘206, Auficdil, Ina\i>nnnJ if'ih-m 'I’xihii, 19011 , lj.iii['hl, /nt»h 
rin/sd,ff. ('hern , I'tOO, 56 , i) 2 l H.dl. P,n> J! v A'- , 19rJ. A 87 , I‘ 2 l 

'* MutliiiiiUiii a'ld Slut/. 1, //(7 , 32 , , Mat luii.iiiii and 11. laii.Iiol, Annulni, 

1 ^ 07 , 355 , 109 , ^\ 1 . J!'! , 190.:, 36 , aeri.''. Ili>m'nK.ililc <lilli 1 . n.-.-s me .il.'-ci \cd, Inr 

instance, bctwciii lln s])c<lia nt llic a'|nr‘>iis s«ilu 1 i«»iis of iln cldoiid.s ul Nil anil I’l and 
tlio sjicetia uf llie a(|iii'(ius solntioii'i nf tin* t.iiicspoudiiip double pul (Uibunates 

^ Eg aqueous snliil ions ul iicudxiimnn < libaidc and nii t.ilc The b.uids in llic spietrum 
oftholatln subst.ancc aic ]• ss nileiisc, wid. 1 , and iiuii»i the ic‘<l end of llic spicliiim tbnn 
thusp of tlie foiinci (.foncs and Stiun*', lo' nt.) 

** iSec Ruduif, Ahteri’a bamvilung, 1904, No. 9 , Jahrcshfi. Elchtiuiul, 1907, 3 , 4‘23 ; 
Zeihch. U'lss. Photoihcm. , 1907, 5 , 24 , vPhcppoid, /7io/o(/tt»u»fry (Lonj;inaii 8 & Co , 1914), 
p. 193. 
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bands "being, however, rather closer to the red end of the spectrum than 
the corresponding “ water bands " On the other hand, the spectrum of 
neodymium cliloride in ethyl alcohol is strikingly different from the preced* 
ing spectrad 

The absorption spoctnira of a rare eaith salt dissolved in a mixture of 
two solvents sliows the absorption bands of the two spectra that may be 
observed by using the solvents separately.- The relative inteiiMtics of these 
two component spectra vary with the composition of the mixed sohent; m 
some cases several bands are observed which cannot be attributed to either 
of the component spectra. These facta argue strongly in favour of the 
view that chemical combination occurs between the dissolved salt and the 
solvents, as has been pointed out by H. C. Jones ^ 

In connection with the influence of the medium upon the absorption 
spectia, it IS important to note that the spectra of rate earth salt solutions 
are consideiably modified by the addition of a mineral acid, the bands (or 
some of tlio bands) usually being rendered weakei and more diffuse.'^ The 
effect of nitric acid upon the absorption spectrum of aipieous neodymium 
nitrate, for instance, is very marked, the bands becoming weaker, more 
difluse, and wider towards the red end of the spectrum ; in this case the 
colour of the solution is changed in a veiy striking manner The intensity 
of absorption of a rare earth 8«ilt is also changed, usually diminished, by the 
addition of another rare earth salt, whether the added salt pioduccs absoiption 
or not ; and the various bands in the spectrum are in general unequally 
affected.* 

Absorption spectra are affected by change of temperature The nature of 
the change produced has been studied by Haitley, Javcing, H. C Jones and 
others." Uiso of tcmpeiatuie (above the ordinary atinospheiic tempoialure) 
has the effect of slightly mtensifying the absorption, broadening some bunds, 
and increasing the extent of the general absorption in the iiltia-violet and 
infrared , the positions of the “heads” of the bands, however, arc little, if at 
all, affected At temperatures rnucli below the ordinary, the absoi ption liands 
become extremely nariow.' The preceding statements may require modifica- 
tion at tunes when foreign substances are present. Thus, in the presence of 
calcium chloride, some of the bands m the spectrum of aqueous neodymium 
chloride diminish in intensity with use of temperature, and the “heads” of 
the bands undergo a slight displacement (Jones and Strong). 

It not infrequently happens that different rare eaith salts present in the 
same solution give rise to absorption bands iu almost the same region of the 


* IJ. C Joiipsaiid oLlicis, lor cif. Soc also Bull, Pioe. Poy Site , 1912, A, 87, 121. 

* 11. C. Jones anil others, loe. cit. ; «•/. Miss II. Sehaellei, Phywhul /eif^iJi , 1901), 7, 
622. 

> H (1. Jones and othera, loc ctl ; 11. C Jones, Amrr. Chun. J., 1910, 41, 19 ; Phil 
Mag., 1912, [vi ], 23, 730 , Zeitsrh. Elektroihem , 19H, 20, 5r)2. 

* Bunsen, Pogg, Annalen, 1SG6, 128, 100; Phil. Mag , 18t)6, [iv.], 32, 177 , Lecoq do 
Boisbaudran and Smith, Compt. teml , 1879, 88, 1167, Soret, fbul., I880, 91. 37S, U H 
Bailey, Brit, Assitc. Rep., 1890, p 773 , Liveing, loe. rit , Strung, Phybikftl. Zcitseh , 1910, 
II, 608 ; H C, Jones and Stiong, Amn Chem. J., 1911, 45, 1. 

* Biaiiiici, JVaiis C/kw. Soc., 1883, 43, 278 ; Denial vay, Compt ti'iul., 1898, 126 
1089 ; Auei von Weksbach, Sitsuninber. K Akad. Wistit Jf'ien, 188r», 92, II 317 , 1903, 
XX2, II. A, 1037 ; Auzeiijer K, Akad. fPus. Witn, 1905, No 10, [> 122. 

* Haitlev, Sci. I'mim. Roy. Dubl. Soc, 1900, II. 7, 253, Liveing, loc cit. , H. C. 
Jones and others, loc. cit. 

* J. Becqueiel, PhU. Mag., 1900, [vi.], x6, 153. 
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epectium, the nio&t striking case being tliat of the two hands situated at 
AtGDO, one due to piaseodMninin and (he other to nc(»<Ivnnuin Another 
interesting case is that of the two neod\iiiiiiin }»ands A1610 and A1750 and 
the tw'o s.unariuin l>jinds A4(i.‘)0 and AIVGO When such hands partly or 
wholly ovoilap, they may ajipcar ahnorinally intense The “heads” of such 
bands may aUo at times appear to vary m position as a composite in.iterial is 
fractionated. 

Owing to the manner in which the ahsoiption speetia of tho rare 
earth compoinnls vary with the conditions of experiment, erroneous con- 
clusions have not inlieipientlx been diawn fiom icsearelies upon them. 
Thus, Kruss and Nilson’ weie led to Mippose th.it the raie eaitli elements 
the compounds ot which gi\e use to ahsoiption speclia aie in leality 
extre-mely complex substances, comjiosed of nnmeions meta-elenientS 
each charactoi ised hy a single band in (he ahsoiption speelia of its com- 
pounds This theory of “one band— one elcineiil” was suppoiled at tho 
time by Ciookcs, hut ad\eisely critieised hy Railey and h\ Se holt lander ® 
At tlio prc.sent time it cannot lie seiionsly onteit.uned , it will he Hullicicnt 
to point out that theie is no logical leason foi restricting the ahsoiption 
bands to the visible icgion of the spOLtiiim, oi foi restricting the theory to 
the rare earth elcmeiits 


Methods of Observing Absorption Spectra - In mder to ohscivo 
an ahsoiiition spcetium, a buitahle bouKc of light is foeussi'd upon the slit of 
tho spoctioscopc and the ahsoihing medium niteijtosi<l h(‘tween the light 
source and tho slit, close up to tho lattfi > i 
For ohscr^atlOlls in the visual legion the solu- Tcu 

tion may ho contained in a glass test lube or, .. — . 

hettci, in a ghi'^s cell with a pan of jil.ni(‘, ^ II ' 1 

parallel ends, dilluseil da\light bcnes .is a A ~ B 

convonieBt souiee of light Jn aceuiate woik . ,, 

It 18 usually nco-sni.v to photo^.r..,,), the 23 -Al«or|,(,„i, c.H. 

ahsoiption spoctium It is then m-eessiix, if ohsei valioiis aie to ho niado 
for a coiibidei.ihle distaneo into tlie ullia violet legion, to lejilaeo all glass 
]»arts in the line between slit and light souice hv «piarl/.. A eonveniout 
ah.sorjition cell is shown in fig , the tube A and B aie joined by a bioad 
uihher h.and 0, and tho ahsoihing solution pound m at J)^ tho plates K 
and F which close the ends of tho tubes may he m.ido of quaitz if iieeessaiy. 
Tho changes in the ahsorjitioii speetinm sis the thickness of tho ahsoihing 
mediiiiu is vaiicd can ho easily followed by ''liding the inner uj> and down 
the outer tube 


For phologiaphie pui poses the positive ciaterof a caihoii arc serves as a 
coiiM'iiicnt souiie of light so far as the visihh* speetinm (ami ]iai tieiihirly the 
rod end) is coiieeined , foi tho violet and nlti.i violet legions, liovvover, il is of 
little use, and should he replacid hy a Nernst lamp Fit her of these soiirocB 
of light gives a continuous speetnim lii older to obtain wavo-leiigth 
measurements, tho simple.st plan is geiieially to jdiologiaiih the non arc 
speetinm on the same jilatc, slightly overlapping tho ahsoijition sjioctriim. 
Some cxperiineiitors piefer to utilise a source of light that gnes not a con- 


1 Kiuhsaiiil Nilsun, Ikr., 1887, 20, 1670, ‘J13I, 306^ , lbs8, zi, 583, '2019 , KicbewotUr 
and Kniss, Ber , 1882, 2Z, 2310. 

® Ciuokcs, Chrm. NethS, 1880, 54 , 27, lidihj, Jltil. A^suc Hip , 1887, p. 654 ; 1890, 
p 773 , Ber., 1887, 20 , 2769, 3325 , 1888, 21 , 1520 , Schotllaiidor, Ber., 1892, 25 , 378, 

660 . 



tinuouB, but a discoiitiuuoiis spectrum consisting of a very large number of 
lines, situated close together and not differing greatly in relative intensities. 
A suitable light source of this nature is obtained by sparking between carbon 
electrodes nnpregimted with the oxides of molybdenum and uranium.^ 

Absorption Spectra of the Rare Earths.— The absorption spectra 
are briefly descnliod in the following paragraphs.- 

Pt<is(‘nilymium.—y\\Q absorption bands characterise the visible absorption 
spectrum of aqueous praseodymium chloride or nitiate, the positions of the 
“ heads ” being as follows , — 

5970; 5870; 4815; 4690; 4435 - 

Of these bands, the violet band is broad and very intense, the blue bands are 



intense, and the yellow bands weak ^ The absorption curve for aqueous 
praseodymium chloride, according to Rech, is shown in fig St 

Neodymium . — The absorption spectra of aipieoiis neodymiuni chloride and 
nitrate are very beautiful and extremely rich m bamls The maxima that 
have been observed are as follows — 

6.160; 6280, 6250, 6220: 5870, 5830; 
; 5470, 5310, 5250, 52IO; 52OO; 5120; 
; 4610, 4327; 4290; 4274; 4180, 3801; 
, 3288; 3231 ; 3144; 3067; 3047; .3030; 
; 2902. 


7324; 6890; 6790, 6730; 

S8oo; 5780; 5750; 5740; 5710 
SO90; 4870; 4800, 4760; 1690 

3556; 3540; 3507; 3465: 3399 

3016; 2998; 2983; 2937; 2913 


1 For furtlior information, s^e, e g , Kayser, opuscit (p 282) , Jones and otliors, loc, cit , 
p. 283) , Rech, Zeitsch. wise, rhoiochem , 1906, 3, 411. 

* It should be mentioned tliat measarements of the position of a maxiinuni of absorption 
by different experimenters usually differ by several Angstrom units, paitly owing to experi- 
mental error and paitly owing to thcjaot that they have not all worked with the same salt. 

• Forsling, Bxhang K Svenska Pet. Akad llandl , 1893, 18, I., No 10; 1898, 23, I., 
No. 6 ; Lancet, 1901, 26, II., No. 2 , Rcch, Zcitsch. wii>s Pholothem., 1905, 3, 411 ; 
Aufireoht, he. eit ; Schottlander, loc. eit . ; H. C. Jones and others, he. at. , Baxter and 
Stewait, J, Amer, C/iem. Soc., 1915, 37, 616. 
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The two bands X5800 and X5t70 are aeon when tlie nitrate is examined, 
but do not appear in the cliloiide hpectnini ^ The absoi ption cur\o of aqueous 
neodymium chloride is shown in fij'. 25, which has been drawn from the data 
given by Jtech. 

Samariu/nr — Acooiding to l)oinar<;ay, the following are the positions of 
the centres (not the “ heads ’’) the bands in the absorption spectrum of a 
twenty per cent, solution of samarium nitrate in strong nitric acid (thicknesa 
of solution = 13 mm.) — 

5590, 5290, 4980; 4760 ; 4630 ; 1530, 1130; 4170 ; 1070, 4020 ; 
3900 , 3750 , 3620. 

Several of these bands aic complex. The positions of tlie “heads of the 
bands in tlie spectrum of atpicous samaiium chloiide are as ftdlow.s, accoiding 
to Forslnig — 

5600, 5001; 1801-4783; 4761-1727, 1632. 1413-1383. 4177 ; 4157 ; 
4083, 4077, 4035-4030 , 4016-1007, 3942-3932, 3906, 3752-3742; 
3738-3732, 3630-3615 

It is an unf(»rtuiiato circumstance that the stiongesl of the samarium 
bands are \erN closely in the nciiihbouilnxxl of prominent bands of neodymium 
and europium, since these aie the two elements most dithcult to remove 
from samaiium. 

J^Jurojnum — \ neutral solution of the chloralo exhibits the following 
maxima of absoi titiou, tlie visible bands being narrow' and rather faint’ 

5913, 5882; 5790, 5337, 5251 ; 52341 4^56; 4^45; 

38,53, 3836, 3800, 3760, 3746, 3663 , 3615 ; 3207 , 3192, 3178 ; 3108 ; 
2983 


In the nitiate solution a single hand A5913 replaces tlic two bands 
X5913 and A.r)882 , llie hand X5790 is much moie intense and nan'ow than in 
the chloiido spectrum , the uiisymmetrical chloride hand X{>3tW gives jdaco 
to a symiiictncal hand X5351 , a single hand Xr)2r)0 reidaces the two chlorido 
hands Xr)25l and Xr)23 4 , and a single hand X4660 icplaccs the two chloiide 
bands X1656 and XIGIo.** 

(imhjhvnim . — Tlie only absorption bands of gadolinium are in the ultra- 
violet region • — * 

:t7!U, 3r.<»6, sr.ir., 3108 ; 3059 ; 3056 : 3052 - 


in Uic ullia-violuc 


Teihntm — Tlie absorption spectrum of tcibiuin lies 
with llie exception of a feeble band at X1880’--’' 

4880, 3787, 3094, 3592, 3519 , 3420, 3390, 3266 ; 3176 i '^029. 


* Foishng, Ihhang K Svniska Vet -Ahaii IhiuU., 189’J, 18 , I.. No 4 , 

10 , Dciiiarw, Compt. rend , 1S98, 126 , lO'Jy , R-m1. /mJ.w/i. vi.b Id, of, .hem .1905 3 , 
411 , Holmberg, Z,ifseh. anorq. fV;//., 1907, 53. US; 8 tn»i.K, Phys,kal. /ed^h. 

XI, 668, Baiter and Chapin, J. A,nn Chtni So, , 1911, 1 , 

iii(i<^1911 33 , 270 , H C Junrs and otlwra, Zw* rd , Stahl, Lr Rruliwmf 1909, 6 , ..Ij, 
(laimcr, yhyx /mZ , 1915, [iv.J, 40 , 91 199 , Stroup 

Foishng, loe. cd ; Domar^ay, Comp! tern/., 1900, 130 , 1185 , Jones and Strong, 

"uibain, J. Ohim ph,ji., 1906. 4 , 212 . IVin..\ay. rojjl.. '3®. 

* Uibain, Comiit rend., 1906. 140 , 1233 ; J: Chtm phye . 1906, 4 , 328 , rf Joiiea 
and Strong, Zof. aZ. 

» Urbain, Comvt. rend., 1905, 141 , 621 ; J. Chun, phyt , 190b, 4 , 346. 
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Dysprotium . — Dyaprosiiiin was originally characterised by its visible 
absorption spectrum , it'i ultra violet absorption spectriiin may also be utilised 
for the purpose of identifying the element. The chloiido solution exhibits 
the following maxima — ‘ 

7530; 4750; 4515; 4275; -3970, 3865; 3795; 3650; 3510; 3380, 3225. 

nulmium — This clement was originally characterised by two bands, 
A6100aud A5360. Tlio positions of the absorption bands in the npectrnin of 
aqueous holinium chloride (10 cm. thickness of N/2 solution) are, according 
to Holmberg, as follows — ^ 

0577-6551; 6538-6518; 6446-6418; 6414-6384; 5491; 5138 5427, 
5111-5101,5385-5349; iOlO, 1860-1816, 1830, 1683-1672 ; 4554-4459 ; 
4223-4216; 4179-4152 

—Owing to the dilliculty of prep.iiing erbium salts free from 
iinpmitios which give absorption spectra, the spectrum of erbium is not 
known as exactly as could be desired I'roin the work of Korsling^ the 
erbium spectrum appears to exhibit maxima at the following positions — 

6665, 6530-6515; 6183, 5490, 5112, 5231; 5202-5188, 4908; 
4871; 4815, 4534, 4497; 4427; 1081, 1069, 4058, 1050, 3792, 3644, 
3037 , .3588; 3561. 

Tins list comprises all the maxima given by Uibain,"* but contains three 
maxima (A.6483, A5190, X1531) that could not be obsmwed by Ilofmiiim and 
Buiger.'' 

Tlinlium . — The following aie the positions of the maxima in the 
absorption spectiurn of thnliinn 

• 7015 ; 6845 6828 ; 6590 ; 4640 ; 3600. 

Reflection Spectra. — It has already been mentioned that the alisorp- 
tion siicclia of solid rare eaitb compounds may be obserxed by allowing 
oiiliiiary white light to fall upon them and examining the reilceL<‘d light 
spoctroicopically. This method is very useful in cases where, owing to the 
fad that tlio siibskinces uie opa«pie, the absorption siicctia cannot be 
observed by transmission, AbsoipLion spectra observed by reflection are 
usually referred to as reflection ttpeitra 

The (pic.stioii naturally arises as to whether the absorption spoetrum of a 
substance observed by transmission is, or is not, identical with tlic absorption 
spectrum observed by reflection So far as the rare earths arc concerned, 


^ Urbaiii, Compt. read , 1906, 142 , 785 , Lecoq ilu Roisbaudian, ihui , 1886, I 02 , lOOS, 
1Q()5 ; see also Jones and Strung, lot at, 

lloliiibeig, Aikiv Kem. Aiia Gcol , 1011,4, 10, Xrifsrh. unoifj. 

1911, 71 , ti'26 , rf. Uibain, J. Chim, phyn , 1900, 4, 31 ; Soiet, Compf rend., 1879, 89 , 52 ; 
Clove, xbul,, 1879, 89 , 478, 7o8 , Langlot, Aikiv Kem Men. Otol , 1907, 2 , No. 82; 
Forshiig, Uiluinq K, tivavtka Vet.-Akad Uuiufl , 1902, 28 , 11., No 1 . 

* Forsling, Bihang K. SicntLa Vet.-Akmi. Handl , 1899, 24 , I., No. 7. 

* Urbaiij, J, Chim. phya , 1906, 4 , 31. 

* Hofmanu and Burgci, Her , 1908, 4 X 1 808; sec also Ilofmanii, Jier , 1910, 43 , 2631 ; 
Jones and Strong, lor. at , Puivis, Vroc, Camb. Phil^Soc., 1903, 12 , 202 , 206 ; Laiiglet, 
Zcitath, physikal Chan., 1906, 56 , 624. 

* Forsling, Jiihang K. Sitnaka Vef -AktuJ Handl,, 1899, 24 , I., No. 7 ; bcoalso Clove, 

CompL rend , 1879, 419, 478 , 1880, gx, 381 , Thalen, ibid , 1880, gx, 45, 326, 870 ; 

Urbdiiii, J. Chim, phys , 1906, 4 , 81. 
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thorc IS no cxpcrinu'iital woik available from which an answer may be 
deduced, bill fiom woik on (dher sub-stances it has betMi found that the 
sjiectra aie dillereiil. Tlieoielieally there should be a difieience, because tlie 
reflecting power of an absorbing; medium increases with the lefraetive index, 
and owiii;: to the jihcnomenon of “anomalous dispersion” bein^^ exhibited m 
till' iieiuddioiiiliooil of an absorption band, it follows that an absorption band 
in till* lelleetion speetimn should be relatively less intense on the icd side 
and moK! inl(«nse on the blue side than the coiiespondiiij' b.ind in tlio 
absoiption speetiiim by transmission^ 

'I’hc reileetion spectra of the laie eaiths were discoveied by IJahr and 
Riinsen, and have been subscqucntlv studied b\ Hartley, Crookes, Huinpid^e, 
II Hecijuerel, Dennis and Chamot, Exner, llaitingei, and otheis - Andeison 
and .loye ^ ha\c desciibed eoiivenieiit methods for photo^^raphing the spcctia. 

Examination of the reflection spcctia of the oxychlorides of the rare 
cartli metals is of consideiablo value for following the course of sopaialion of 
these metals by fnietional crystallisation, etc Duly a few' milligiams of 
niateiial aic necessary^ Instead of the oxychlorides the basic nitiates may 
be used 

For till' lapid examination of the reflection spcctium of a small quantity 
of a solid, the light of the eaibon aie is coneentr.ited upon it Iletween the 
illummaled solid and the slit of the spectioscope a lens is placed to focus 
the light fiom the solid on to the slit It is possible in this maniiei to 
observe absoiption bands in the spectrum of a substance when its aqueous 
solution no longer ai»peais to exhibit seleetne absoiption 

For d('lailed desciiptioiis of lelloetion spectia the reader is ii'feiied to 
the original nienioiis." 


Flamb Spectra. ^ 

When till' oxides, borates, or phosphates of some of the laie CMilh I'lenu'iils 
are heated to ineandeseenee in a non-luminous tlame, sin-h as that of a 
Ihinsen burner, the light emitteil is found to gi\e not a eontiiiiious speetium, 
as would bo anticipated, but a sharply discontinuous band speetrum The 


' ' See K. \^ Wood, r/u/ lA/./ . 190J, |\1 1, 3 , 

'** liulii and Hunseii, ^Innalut, 137 , 1, Haitloy, Tiini'> Vhcni Sm , 41 , 

210, C/it‘ni A>a.s, 18s0, 53 , 179, (’lookes, reml , ISss 102 , f>0i) , JIuMi|iiilgp, 

C/h-w Aor.s, IHStl, 53 , ir.4, II B.‘e.]ueiPl, Jn/f. C/inn 7V/i/> , ISSS, |\ij, 14,170,257; 
Jliiilnigei, Munnlsh , 1891, 12 , 302 , Dennis and (’li.unnt, J Anu'i. ('hfm Soi , 1897, 19 , 
799 ; Exnei, . K. 189'J, 108 , Ihf, 1252, Uibiiiii, vnh 

ivftu ^ ^Vaegnel, Bri , 1903, 36 , 3055; Zfthch anmij. ('hnn , 1904, 42 , 122 , Mntlnnann 
and Hoianilinl, AunnUn, 1907, 355 , lOa , Andeison, rnh t/ffm , llotinaiin ainl Ibij^go, A’c/., 
1908, 41 , 3783, Hofmann and kiiniieutlipi , infe ntfm , Ilolin.uin and Hoscliele, AVr , 
1914, 47 , 240, Sclmuin and Wusteiifeld, Zcit^h, iri.ss. r/whichi m., 1911, lO, 2Jt5 , Joye, 
viilf itifra. 

'* Aiiih'ison, Aslrophii'i J,, 1907, 2(5, 73 
* .loye, A}ih Sn phifb nat , 1913, [iv J, 36 , 41 

® Uiliain, Anil L'lnin Phy'> , 19e0, [\ii J, 19 , 222. For the Mjnd |iiepaiation of the 
oxN’chloiidp's, sec p 255 
® Uihain, liH lit 

’ Sec .bo'c, Aiifi Sri phy<i nnf ,1913 (iv.],^ 6 , 41 (NdjO,, N<1,0, 3If„0, 2Nil,0, .‘>11,^0, 
Nd..O,ll.O, Nd.,(Sn^),. Nd;s„ Ndi.’b, NdIJi,, N.la((’Od,. Nd,f(.V)^h Nd(NUJ, 

61LO). Joye, dinl , 1913, [i\ |. 36 , 43l (I’ljjOj, h A 

Pi’('N(Jdi 6Ih,0, IhutCjO^), 10D.jO) , Hofmann and Knmioutfiei, phipikul Vhem.^ 

1910, 71 , 312 (Er.Pg,'EijOj SO 3 , Ei-ntSO^),, KrjSj, E 1 CI 3 ) ; Hofmann and Uuschclo, Ber , 
1914, 47 , 240 (PrOCl, NdOUl, SmOUl, EiOCl). 
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spectrimi of ncofh’mia wris disroAciod by Hnn.vp ^ in ISfil, and tlmt of ciliui 
liy JUlir- in ISti.") Tp to tin* piosrnl tune it has Ihmmi fouiul tliat, nndrr 
siiitabk' conditioiiH, pnisrod\ nii.i, * neodunia,^ siiiiaiia, ' cibi.t," and tliulia ' 
givo iiMj to tlu'hC omission speotia. No salisfaotoiy cxpl.iii.ilion of llioii 
piodiiotion lias }cl born ad\.inco<l h has bmi stated tli.it llir* spr-r tin 
aio diM' to thin la\iMs of glowing \apoin,‘' but this is almost oeilaiiily not 
tho ease '' 

It IS not dofinitoh known wln*thci a pine raio oaith gi\os iiso to a llanio 
spool! um or not It is .statr'd that pra.si‘otl\ ima Lines no siieh spool nim 
nnloss inixod with anotht'i o\idi‘, e •! aliumiia or inairnesi.i. whilo tho llainn 
Bpor'timn of noo'lymia alone is s.nd to br‘ \eiy Most oh^ei\ations 

of those spootia ha\o boon niarlo with oihia, ami pine oihia Ins not }ot 
been jirepaied. 

The ll.inio spootrnm of a laic eaitli difleis oonsnh'iably fioni its oalliodio 
phosphoiesoonoi* spoetiuni, but is el<is<‘ly roniirsted with its lollootioii 
h[»ootimn The emission haiirlN in tin* flaim* sprs'ti um ol iilna, Im in.st.moo, 
aio in almost evaolly thr* sane' ]»osilion.s as tlio absoiptmn hands in thi* 
lofh'ction s[)e( tmm of tin' ".imesuhstanoe Tin* ieller‘tion sjxm'Ii um \anos with 
the tomporatuio, and in the cases ol mbia and neod\inM it has hr-on found by 
Andt'ison that tho bands 111 th(‘ liana' an<l irlhrtiou spritia ooeup\ idr'iiln d 
jiosilious when examined at the s.mie tenipoialnio 'I'liis h Nidt is m 
ar'of'olaueo with Kiiohliolls haw 

The llamo spectra of rblleir'iit r om pounds of tlie saim* i.iie i>aith element 
exliihiL a maikr'd ir-senibhim r* to one aiioOim, without, howoxor, homg 
idoiit K'al Moiooxoi, It follows fiom what h.is bi'en ahoarly stall'd that 
tho>o omission spooti i must eoiiespond appioximatoh with tho ah'-oijition 
spr'itia of the eomjiouuds <‘l tin* s.niio laie eailh eloimut. 'I’liis (oiiespontl- 
enee was^iotod b\ Itahi .‘iiid Ihiim'U 

The llame spei til ol the i.iie e.iiths aie of little ol no piartnal \aluo 
to till' chr'iiiist 


l{r\! u^iiiv Si'i < iiu 

When the spaik sjicetiumof a s<,liition of a 'alt is ex.imim'd in the usual 
way (p hiri), the exteiiial melallie el< diode .ind the silt solution aio 

' niiiiscii, Ainiitfe.i, Isiji, 131 , srrf) , I’.filii and lUiiisen, ilm/ , IbtJC, 137 , I. 

“ lialii, Inii'ifeii 1 ''tifi, 135 , .J 7 <) , Halii and liuiiseii, tif 
' lliiitiiii'ci, iftinof^h , isnp 12 , 'i 6 .i 

‘ Aui r von M'( I'li.u li Sit - 1 K Alml II i"y //'e /r, ISs'i^ 92 , 1 1 '517, y^nntsh , 
lSSf», 6 , 177, It.iUiiig-i, />'i III , Scliunni umI Wiistt Ill'll!, ees ^ , 1 91 1 , 

10 , 2‘2ii , Antli'i'on, Ash f/njs j , 19^7, 26 , 75! 

^ biMin J(* Poisliavuli.in, fniiij)! le.nf , 88 , , 89 , Jl'J , rKtlimloil, Ami'ilin, 

1891, 263 , Ifil 

*' I’.iilir, I’nr. Ilf , Palii und bnii'i n, Ar • if , Lirorj ile lliMsIondiaii, ('(<mfit nml , 1S73, 
76 , If'Si) , S/infic^ Jinmnriii I'l’an**, 1871 ; '1 linli n, f'linji nml , ,L>i, , CieoKrs, 

ibid ,18i:6, 102 , TiO*) , Ilofin inn .ind Ihieei', /A / , I'J'l', 41 , M7''3 , Ib-fnmnn .iinl Kiinin-iillii 1 , 
Zt’if'cJi jiJiKsilifl. Cfnm , 1910, 7 I 1 31- . And'isoii, Aw <tt , Si liaiiin and M nslcnlr lil, 
hiC. ( if 

" Tlicilfii, Cinii}il mill,, 1.S8(), 91 , 1576. 

llnf-’^uis, Pii,r liny Hue , 1870, 18 , 546 , Hul Mmf , 1*1711 [i\ ], 40 , .30‘J , Ui Minlds, 
tin/., IsrO, [i\ ], 40 , 3<i6 

“ AndiTMai, A'^lriyhifi J , 1907, 26 , 73 

Andoison, loc. cit. , see aboSilianin and Wnsti iifidd, In, cif , ami llflimoiii and 
Kiirnieutlici, Jur n* 

“ Lccoq de lioisbaudraii, f amiil 1073, 76 , 1080. 
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coriiicctefl to the positnf' .'iiifl ncf^ative poles respectively of the induction coil. 
If this airfinjjjcinnit is leverscd, so that the solution is positive to the osternal 
electrode, the line sjioctrmn of th»‘ metal can scarcely be seen, but with 
Holiitions of .s.iniariiim, (Miropiuin, tiibium, and dyspiosium salts, if a long 
spark IS used, tlio ln|iiid siiiface brcoin(‘s phosphoiesf ent immediately below 
the ('\teMial (‘leetiode (see tig ilfi) The jihosphoicscent light, when 
examined s|>ec‘tiosco]iiealIy, is found m each ease to yield a diseontmiioiis 
^ band spectrum. These spectra are known as rever- 

sion spectra {.yfcrh'es </r renveraejunit) They were 
disco\eied by Lecoq de Boisbaiidran ’ 

The revcision sjieetia bear a sti iking resemblance 
to the eonesponding cathodic iihosphorcscencc spectia 
In dilute solution they aie practically independent of 
tlie acid ladiclc piesent The intensity of a re\eision 
siiectiiim is appioximatcly pioporlional to the concen- 
liation of llie solution, and its sensitiveness is com- 
paiable with that of an absorption spectrum 

Smnntmm chloride or nitrate solution gi\es a yellow 
phosphor eseence the spi'ctriim of winch consists of thi'oo 
Irands, the maxima beinii at Xtj*! 10, \(>()0(), XbhlO ^ 
Ktnopnnn tor gi\es rise to a led jdiosphoresecncc 
Fro, 20 — A|iii<imliis foi K dilute acid solution shows two lieautifiil bands, 
pmdiu'tiiin ()l u‘v«T- ) XtJICO to Afil 10, ma\imum at A()l-5, and (n ) AfrOTO 
to AHOlU), ma\imum at AoStM) *> 

7'nhnnn (or Zp) gl^es use to a lieautiful gieen 
])bo^phoresccriec The spcitiurn of Ibecliloiide solu- 
tion show's four distinct bands, the maxima being situ.itc'd at AAG20r), 
58ns, 5132, and bS70’> 

Dj/^prmmm (or Z„) gives rise to a xellow pbovpl»on‘sccnce the speclnim 
of which consists of two bands The maxima are at AbTItO and A 171)5.'’ 


V' 


Hion si)t*oli<i 0 IS 
tlw phosplioii'scoiit 
/Olio 


CaTIIODK’ PlIOSPlIOHESCENn! Sl*K( IHA. 

Historical.— In IHSl t’lookes" disco\eied that nuineions substanecs, 
when exj)osc(l to the bombardment of the cathode rays, emit a phospbor- 


’ Locoq de Ikusliaudraii, Covxpt mid , 1885, 100, 1437 ; dhem 1885, 52, 4 

* The presence of c*‘i tain cli'inoiits, r 7 iron ainl iiilheminn, inhibits the pioduotion of 
the level, Sion spectra (Lccofi de Boishfiinhan, Vvmpt m^i , 1880, 103, 113) 

“ Deniaiyay, Compi. rend , 1500, 130, 1185 , (f Lecoq de Iloishaudian, tlnd , 1852, 114, 
575; 1803, xx6, 611 

Uihain, J, Chivu jihys , 1006, 4, 247, lleniaieay, Conjif tend, 1900, 13O, 1169, 
Lecoq de BoKshaudian, Compt lend , 1892, II4, 575 , 1893, I16, 611, 671. 

® Lecoq de Uoisbaudian, Compt tend , 1886, 102 899 , Uihaiii, Vhim pliys , 1906, 4, 
348 

® Lecoq de Boisbaiidian, Cunpt lend , 1886, X02, 899 , Uibain, ilitf , 1906, 142, 785 
For fiiitliei infoirnalion coiiceining loverMon sjieclia, sre the leleioneis to bieoq do 
Boisbaiidian cited on ]) 296, and IJrbain, Jnn Chip}. Phys , lOoO, ['111 1, 18, 2J2 

’ The work ol Cipokes on phosjibureseeiit spedia will bo found in the follow iiig nieinoiia 
or reprints* Compt rend , 1879, 88, 283; 1881, 92, 1281 , 1885, xoo, 1380, 1455, 1886, 
X02, 506, 646, 1464 , Phil. Ttans , 1883, X74, pt III., 891 . 1886, 176, ].t II , 601 ; Pxor 
Jiffy. Soc., 1881, 32, 256, 1883, 35, 262 ; 1885, 38, 411, 1886, 40. 77, 236, 502, 1887, 
42, 111; Chem. Neus, 1881,43,237; 1883, 47, 261 , 1884,49, 159, 160, 181, 194, 205; 
1886, SX, 301 ; 1886, 75, 133; 54, 13, 29, 38, 40, .54, C3, 76, 155 , 1889. fo, 27, 39, 61, 

63 ; Brit. Assoc. RepoiU, 1886, p. 558, Trans. Chtm. Soc., 1888, 53, 487 , 1589, 55, 250. 
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escent light whicli, analysed spcctioscopieally, shows in general a faint con- 
tinuous speciiiini witli a nmie or less detided concentration in the region 
coi responding ^Mth tliu coloui of the emitted light Loss coinmonly, the 
spectrum is discontinuous. 

fn studying those discontinuous spectra, (’rookes was particularly 
interested in a hiight cition hand at X5740, and endeavoured to identify 
the element which gnno ri^e to it lie assumed a that the bnghine.ss 

of the band XoTlO would nicre.isc in propoition as the element losponsiblo 
for it concentrated in his picpaiations. In genei.il ho dccomposotl his 
matciiala with suliiliuiic acid, evapoiatcd oil the excess of acid, and cxjiosed 
the anhuhons snljihatcs to the cathode lays After many cxpciimcnls, 
the element was tiaced to the yttrium group of tho rare cuith ('IcinentH. 
Accoidingly, he picpared specimens of the yttna eaiths in as imic a state as 
was pos^ilile at that pcimd, examined their snlpliates, and identified the 
songlit foi elennnt with yt(}nnn In this, howexci, ho was wiong, for, as 
will be seen lat'T, the cition b.-ind is due to <h/s/oo.\mm 

A [lair of oiaiigc bands, A.’iOTt) and XfiO.'U), also atti acted attention, 
an<l an (Mideavoiii was nuulc to (lacc the element X which pioilueed IIkmii. 
As the K'siilt of many cxpeiinaMits eannal out with this end in view, 
Ciookes di''(o\eicd the leni.iikable tact that the eomjiounds of X aro 
only sensibly phosphoicscent wln'ii intimately mixed with ceitain other 
substances, of which the com])onnds cif (ahium aie at least as good as 
any, and eonse(iucntl\ ho neailx alwaxs intiodnced calcium snljihute into 
his iriat<'iials when studying then phospliorcM-enco spcdia As before, 
lie tr.ieed \ to the laie eaitli elements, and on I'xaminmg sjieeimens of 
Cleve’s rare eaitli pieparalions, coiiectly Khaitilied the element \ witli 
^(Vfun nun 

Stili*another band, a led one at AtlOOO, attracted his attention Some- 
tinies it was nebulous , at othei times it was clear and shai]>, and almost as 
nairow' as a spaik line In tin* pliosi»hoi“seence sjiectrum of samanuni 
sul[ihatc it was X(‘iy feeble, it did not occur in the sjieetrum of yttrium 
sulphati- , but in the spectia of eeitain mixtuies of tlu'sc snljihates it 
stood <iut biilli.intlx (lr<»okes ealhsl it the uwowu/oi/s and originally 
huppo^eil that it eoiiespondcil t(» a Mbiation that could only be set up by 
the siiuiiUaneous ])resenee of samanum and yttrium. Shoilly aftei wards, 
however, he aliandoiud this idtM, and attributed the anomalous line to a 
sepamto elemi'iit which pio\ isionalh leceivod tlic designulioii Sj It will 
])G seen suliseipiently that Sj is the element t^uiujnum 

(h'ooki s obserx«d that the eition hand was aeeompanicd hy numeions red, 
gieeii, blue, and violet bands, a number of which weie oxlrcmcl} sharp and 
nanow In ISSli ho discoxeied I hat these kinds varied among thcmselvcB 
111 lelatiM- intensity when vilii.i wa>t inetliodieally fiactionated, and con- 
cluded tliat yttiiuin mu'^t he an extremely complicated siibst.mce which 
can bo sjilit up, at least jiaitially, into numerouB simpler substances, each 
charaeteriscd by a pho'>])hoieseence spectium of gieat sjinjihcity, consisting 
for the most pait of a single band From further experiment^, he drew 
the conclusion that samaiium and Marignuc’s (gudolininin) are also 
complex sukstanecs The simiilcr constituents of these “elements” ho 
called meta-elements and gave proxisional names, and he put foiwaid a 
new theory of the natuic of the chemical elements in Ins linti^h Association 
address in 18S6 Owing to tlie striking and original natnie oi the^e views, 
they created great inteiest. 
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The compositions of samarium, yttrium, and gadolinium in tcirns of tlieir 
componont mela-eleiiionts wcio irncn l»y Ciookcs in as follows — 
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It will lie scon that a mala olcinent could enter into the composition of moie 
than one “ element ” 

Tlicse ideas weio all opposed by Ijoeoii dc l>oisb.indian,' who in If'So 
disco\eied two new i.iii* eailh elements, and Zq, belongini; to the teiliia 
group, by means (»f then reveision siieetia, and was stiuek by the le- 
semblance between these speetia and the phosphoroseenee speetia attnhuted 
by Ch’ookcs to (Jj and (J^ lespeetivoly. by caieful fiaetionation, lli(‘ Kieiieh 
spectioseopi.st pn'pan-d pine yttiia, and found it to hi' devoid of jiho^plior- 
oaceneo, the addition of a little Z„ and Z^j, lioweM'i, piodiu'ed the “\ttiiinii ” 
spectrum de.sciihed b} (’lookos lie fiiither found that wheie.is the atomic 
weight of Utrium is about H<), the Aalues foi Z^ and Z^ aie about KJO, and 
that th(‘ spark siieetra of these elements show no lines (hat ean he ,itti ihiiti'fl 
to yttrium Leeoti dc l)oisbaiidian thendoie eoneluded that pine siihstanees 
arc not phosphorescent, and that yttiia acts meiely as a tldiient, in winch 
Za and Z ;3 arc able to cxlnlut then jiliosphoieseenee s[)eetr.i, in [ueeisely the 
same way as (hooKes had shown lime to act as a diluent towaids samaiiiim 
Ho fuithei showed the eoiioetness of this by studying numeioiis phos[)boi- 
escent systems made up of eompounds of some of the common elements The 
views propounded bv Lecoij de Hoisbandnin were not, liowovd, acei'pted by 
Crookes, and the (-lookes— (le Boisbaudian eonlioNeis\ soi ved luit to emphasise 
the dittieulties of rare eaitli chemistiy without eithei of the jirotagomsts 
succeeding in cstabhslimg ins views to tlie satisfaction of chemists in general 
In 1900 Muthmaiiii and Ikuir- wcic led tobfhe\e that Ijeeoi] de lioishandian’s 
conclusions weie incorrect . in the following year, liowe\ei, Ilain, in associa- 
tion with Mare, ai rived at the opposite conclusion ^ 

At the jiresent time the contioveisy may !)(» legaidcd as closed Tho 
beautiful leseaieiies I'lbain and Jus c<»llaboiu(ors ‘ Jia\e cleaily demon- 
strated the coireetness of I.ccoii do Hoisbaudiaii’s views, and the fascnialmg 
theory of tho meta-elements is now seen to he nothing moie than adaimg 


* Lecoq do Hoisbuudran’s woik on phosplioifscHico spirliu will be found in the lollmMiig 
papers: Compt. irvd , 188r>, lOI, 552, 58s ; 188f), i 02 , 153, 1530. 103 , 113, *16^, 027, 0J9, 
1084, 1107 , 1887, 104 , 3:10, 478, .554, 8j4, 1581, 16 Sn ; 105 , 4.5, 200, 2:VS. 201 , '{Ol, ;H) 1 , 
843, 347, 784, 1228 ; 1888, 106 , 4.52, 1386, 1781 , 107 , 311, 108, 490 , 1890, no, 24, 07. 

* Mutliniaiin and Ihuir, Her , 1900, 33 , 1748. 

® Ram and Maro, , 1901, 34 , L’RjO 

* Urbaui, Jini. Chim Phys ^ 1909, f\m 1, 18 , 222-376, Riniungbiiu's, ihd , 1910, 
[vili.], 20 , 519-546 , 21 , 210-283 Sec also llibjun, Compt. tend , 1900, 142 , 20;", 1518 , 
X 43 , 229; 1907, 145 , 1335, J Clam, phys , 1906,4,233, Uibuin and Seal, ihul , 1907, 

X 44 , 1363 



THE RARE EARTH ELEMENTS. 


297 


but erroneous inteijuclalion of espeiiinfiilal ri'siiHs T.y its fall tho 
chcinistiy of the laie caithss lost .some of its flmiin, hiit it lias ^Jiiuetl 
oiionnously in simjilieilv * 

General Laws. — K\[»ciinieiit sliows that /<«;/• snlist.inccs aie not 
bciisihly }»ho'-j)lioU‘set*nt when e\])(t''«‘(l to the ealliode ia\s. (he plutsplmr- 
escence c\hil)ite(l liy a “[niie” suhslaiice is found to he alluluil!ii)le to tho 
presi'iice of tiaee.s of impunties 

Tlie addition of a ti.iee of a Ms-ond eoni]»onnd H to a jniie non plio‘'])hor- 
cseent compound A fiequently lesidls in the pn)dueluui of an evlieiuely 
phosphoK’M enl nii\(uie- The mannei in wlueh the iiilenMt \ of plio''|ilior- 
csceiiee \aiiOh a^ tlie ndalne amounts of A and 11 aie ili.inf^ed lias Ix'on 
oxanuned hy I'lliam and Ih uiiinjrhaus h>r a larj^e nuinluT of mixtuies, and 
thcv Ihne found tlial as (lie amount oi oiu' emnpoiind, say H, is Mined from 
an e\eeedin^ly .small jicK-rnta^e npw.uds, the intensity of the ])hos]ilior- 
eseenci' (llip mode of lAeitatum l»ein<^ the same tlnouirhout) ijuiekly ini'ie.iseH 
to a iiiaMinum and ihcii stoaddx ilinjmi‘‘hes ‘ 'l’lu‘ prn enl.l^;e of 15 piesent 
111 the niixtuie of maximum plmsplmuscinir ]>owri depends upon (he natures 
of lioth V and 1», iuit is alwaxs ol llii* oidei of On to lO jiei cent, 
and mixtiiies with 20 pel cent and nioie of H an‘ often not si'iisihly 
phosphoie>,eent ' 

\\ lien 11 is a laie eaith (om])onn<i, the phosplmie.sc (uue spednim is 
sliarplx nuf ofti n exhilntin^ a l.iiL'e nmiihei of cpiite nriiioxv 
liand.s, and as the piMientaire of 11 alti'is, so aKo does the eoloiji of tho 
phosjihoieseent li^lit Speetios) opu ol»seixalion shows, hoxxexei, that the 
pieei’dinii “iiiaxininm law ’ holds piod loi uuh m the mnt The 

eoloui ehiiiiLies aie due to th(‘ hut that foi mixtuiesof (xxo}ii\(ii suhstniiee.s 
A and 11 , tin* luminous maxim.i of the h.uids eoiiespond to dilliuent ]>ci- 
centa^rcs^f 11. in other wonK, the liands xai \ imlepi iidt'nlly (’oiieeimiif^ tho 
maxima <if the xaiious hands, the neneial iiile may he sjalerl that tlie mo.st 
lefi.Miijihlo hands <iie at then maxima loi smaMei pere(*nta}:es of II than is the 
eas(‘ witli till' least lefianjrihh' hands Hence, as tin* jicna ntap* of lleliiUiLK'S 
from /('lo upwaids, the elianiies ohsei x< d in ilie eidoui of the ]i]ioNphoiese(‘nl 
Imlil oeein III the diieelion fiom blue to led alonii the speetium 

'I'lie pen'enta^ie of H ( oiresjionilim: to tlie luminous ni.iximiim is imlc- 
pendent of tlie inlensitv of the exi il iim eathodi* laxs. and .aUo oi tlie teni- 
poialuie, though llu‘ lattei faetoi may pioduee sensihle t haiifii's in the 
phos])hore'*(’eiiee s])<‘eli um. 


^ 111 luhhluiii lo till* nil Tilt ms all! nix nlul, tin lulloxxiiiL' uIm) ichilo tn ]iliiisj)lioicsci-ii( o 
s|»c(lni M.uif'ii.u , fia/o'/'/'' \"l u |» hit , llcinhnl, /f/ooio Ji, 1 .S 91 , 263, 

ISl , 270, , Mam, A’.,. Tun*, 39 , W n ili-muun .uul .Silnm'll, 

phil'>iknf t'hem , I''.'."', l8, , (li>Iil'.U 111 St! 1 1 K .ilmf // /o A’l/Zm, T.mO, 

1). S'ji . ('iinj,l,ill Swiiiloii, I’nc Ituu Sn> 65, 11:* , K<ixx.i]sUi and llaiiin'i, ^ 

milt , TJ 07 , 144, 

^ IL may he slati'd hin* •■me for all Il1.1l nun* iin ••liaiiu-al iiiixiii^' is not sunificiil , 
suhstaiici's nnist lx ixtnnulx iiitmialilx timmiI hv (liimii.il ]iiiihwms Tims ilii> iai« 
cailli oxiih* imxt lilt’s lo'iuid to l.iti 1 aii niidi hv jms iimanii« tin ox.il.ili’s t-i<;i tin 1 liom 
solution, xxasliinp, flixui;', ami mnituin tin’ imxiun’ Hy tuiitun ill with coin’ciilialrd 
suljilmiK ai'id, sul['liali* mivtim s an* olit-mn < 1 , • to 

^ Tills law is calhd la Im if> t'vj/liinuin h\ its disroxen’i'i 

* It is of interest to iiotin tin* arialn'.w liilwieii this n ’Oilt ami th.il whi-h e\pi.s-i’s the 
maiiiiei in whieli the h«ht i milting' Iioxo 1 of ,i mixture of tlninuai d n iiu xains with the 
Comjuisition , till’ m.iximum lii*ie c'»ires|iiiiids 16 OU |*ei cent o! »i*n‘i, and llie li^'ht- 
emittin^ power diiiuni'.hes lapidlyas the jitiei-ntane of ceiia is deticav d 01 iiiLiease’l fn'in 
this value 
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The precodiiip observations naturally suggoat the <jiiestion as to whether 
the phosphoreseoiiee .sj)ectniiii observed in a binary niixtiiio is to bo attii- 
Imted to 13, winch in the mivtiire of inaximum phosphorescing power does 
not eveoed 1 per cent of tlie whole, or to A, or to both Is, for example, 
the phosjihoieseenec spcetinni of tcrbia— gadolmia mi\tnics to bo attiibutcd 
to terhia, <o gadolmia, oi to both? It is found that mixtures of terbia and 
either \ttiia, lime, aluniina, or gliicina give phosphorescent spectra which, 
witliout lioing identical, exhibit a very strong family resemblance to one 
another and to the teibia -gadolmia spectrum Morco\er, the five mixtures 
phosphoresce most brilliantly for (piantitics ot teibia of about 1 per cent, 
(ladolmia, however, wlien mixed with any of the other four oxides, yields a 
mixture which piodiices no \isible phosphorescence The observed phos- 
phore'^ccnce of tlie system teibia — gadolmia iinist tliereforo bo attributed to 
terbium, m ju^-t tin* same way as tlie absorption sp(‘clrum of an acpicous 
solution of neodymium chloiide is attiibuted to the neodymium chloiide. 

Accordingly, in a system A— 13 which exhibits a maximum phosphor- 
escence wlien the amount of 13 piesent is only of the oidcr of I per cent, the 
phosphoiesceneo IS a specific pioperty of 13 The substance 13 is called the 
plio^iphoi oiji n (or active matter) and A the thluent 

It has been inontioned that (ho spectia of teibiuin in various diluents 
exhibit a m.irked similarity, but that they are not identical This mllueiu'C 
of the diluent is a geneial phenonauion, and was obser\c(l by C^rookes, 
particulaily for the samaiium spectrum The spectia of a ])hospliorogcn 
in various <lilu(‘nts exliibit bands m tin' •^aine regions of the spectium, but 
the positions of similar bands aie not identical Theio is veiy little diffeience, 
however, in passing from one diluent to another if the metallic coiistiluents 
of the diluents arc the same, cy. the spectia of samaiium are v(‘rv similar 
when the oxide, sulphate, lluoride, and boiate of sam.irium are diliiti 1 m the 
coriespoiidmg salts of calcium , but a change in diluent from, say, lime to 
yttiia, produces a small but decided change in the positions of the bands 
The nature of the spectrum of a pbospboiogen also depends upon the physical 
state of the diluent, and benee, in the oxidi' systems to be desenbed later, 
differs somewhat ai'cording as the preparation has been made by boating Ibc 
oxalates or I lie sulphates. 

It IS beyond the scope of this book to enter into a discussion of the vaiious 
theories of jihosphorcscence,^ but it may be observed that jihospborogcns arc 
coloured substanees, compounds of motfils the salts of which arc coloured and 
oxliibit absorjition spectra in solution (lood diluents, however, are colourless 
compounds practically devoid of electrical conductivity These statements 
ap})ly to systems which are visually phosphorescent , it is possible for a 
colourless substance to act the rnlc of a ])bos])hoiogeii, gadolmia being a 
case m point, but its phospboieseenec spectrum lies in the ultra-Molct region. 
It is significant that gadolinium exhibits a well-defined ultra-Molct absorption 
spectrum Apparently, a substance docs not act both as a diluent and a 
phosplioiogcn, but does act both as an absorber and a pbosphorogen in the 
same region of the sjiectrum. However, in the case of the larc earths at 
least, the phosphorescence and ab.soiption bands do not coincide 

Til practice, systems more complex than the binary systems hitherto 
discussed arc cncoimleicd Various Icrnaiy systems, in wbieb two pbos- 
phorogens arc diluted in a common diluent, have been studied by Urbain 


^ On this {KUiit see Bruiiiiighaiis, he cit. 
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and .Seal, and it lias becji found that the observed phosjihorcsccncc spectrum 
of sucIj a ls^stem is made up of the speadra of the two jihosplioro^^eiis, though 
in each component spectrum the lelatno intensities of tfie bands may difter 
somewhat from those olisencd m the sjiectiuin of llie <01 lespomlm^ binary 
s^’stern For e;icli .speetinm the hn tie rn//f?mnm holds j^ood, Imt I’.ieh 
phosplioroi'on appears to dimmish the lumiimsily of the sprclnim of the 
otlier, and in this action tlio less intense phosphoieseeiici* siilleis nnu h more 
than tlie otlicr 


The Phosphorescence Spectra of the Rare Earths. So fai as 

visilde pliospboieseeiu'cs aie eoneeiiusl, lantliana, ^adolmia, and \ltiM act 
as diluents, and praseodMiua, neodymia, s.imaiia, (‘uiojua, tc'ibia, il\s])MiMa, 
and ribia act as i)]it)sphoio^n*iis, and raie r-aith niulmes ^ 

ill which a lai^'c excess of diliuml is piesent phos- 
phoie‘>(‘(‘ biitilillv undei the intluence ol the cathode 
lays It IS cniious to notice that hobma and thnlia 
do not ajipiMi to act a^ ])ho’^]ihoin‘»ens, althoiigli tin* 
salts ol lioliiuum and llmlmrn exhibit well (h-fim'd 
absoi j)tii)n s[>e<(ia 

Till* hum ol \acmim lulu* best suited to the obser- 
vation of cathodic phosphoiesci iice spectni is imlicated 
in lig l!7 'riie electrodes A and (’ aie maib* of 
aluminiiim The sulistanee iindei exammalion is ])lace(l 
in llie lower ])ait of tin* appaialiis ( w ha h is |omed to 
tin* iij)[H'r ji.iit by a lubiUMled L'loiind Lda'^•^ joint) willi 
its suifaie sliglitly imbued 'I’he upper |>ait of the 
apparatus is sealed on to a lueieuiy ]uim]) b\ means (»f 
a side tube not shown in thediaiiiarn F(u obsenimr 
tin* st)C«4Ja, a spi'ctioseojie of not too ^nat dispi'ision 
slionld bo used, and the slit opem'd faul\ widely In 
pbotoiiaplung llu* spiatia, an exjioMiie oi tx in twentx 
minutes to two liouiMsi.eeessai\, .lud iii oidei to iiu liide 
tlm ultra Molel le^non, a special foim of tube with a 
ipiait/ window 15 vliouM lejdaee the bottom jiait of the appaiatus (see Iho 
dotted poll mil of fi<r -7) 

PilNAin SxsiLMsi Fiom the juailieal jioint of xiew, sxslems in which 
lanthana is the <blm‘nt aie not ol mudi inten*.st , lh(<s«' wilh gadolima or 
xttiia are mueli more imjxutanl 

7Vfr.'*xA(////oaai --\\ hell diluti'd in Imie. pia'^eodvinia exhibits a 10<1 jilios- 
phoiescciiee, and so aKo doe'* the <'ii1p|i.it<- when diluusl in cab iiim sulpluite. 
The specti.'i an indicated 111 tigs ‘JS and L*'* ” 



27 — A])i)iiratiiH for 
])i(i(lu( mg (utliodio 
l•h^sjlhoI(■s^•l)nce 

SJIK iM 


^ To])ic]iaifl liinniy lait* «aith nnxhin s, jm < ijiilatc the i)>.ilalis Ingcihoi, ainl ealeuie in 
a iiuiillo liiniiKe, to jocpaie laie e.iitli -him iiaxtuo ]*ieeipitan the inixcdc .iilioiiates, and 
ignite to oxides o\ei a good HiniMii lnuini , lo pniism i.ue earth— idiuiiina 01 i.iieeaitli— 
glueiiia mixtnie'i, '•tioiiglx ignite the jindjoiatnl mixid hjdioxides , ole 'I'he diluentB 
bhoiild he juiie Uldinuiy “ I”*’' 'hinegi'is mi <ii.iiig< pho'.jdi'.KM nn e due tn tiaied of 
maiigano‘-e , ealeiuin nitiate diould l-e hsielioiully • i\-ulli-e<l Inin mtnc aeid in older to 
eliiiiiiiate tlie niang.inose (in the taiN) nidiiiaiy ahiinina gixts a nd, ]ilmsjdioi( in e duo 
to traces of chroiniuin ; the niti.ite '•Imuld he fiaitioiially cr}i.lulh^cd fioiii nitiic acid to 
lonioxe tlie ehroniiiini (111 the tad''), ete * 

“ T he lelatne iiitcnsitus of tlie hands in the spec tia are rcpiesf nh d 111 tlic ai eoinniinj iiig 
diawiiigs hy plotting the intfn*-itns aa oidinntcs against a scale of wineliiiglhs (unit 
= 10 angstioms) They lepie^ent Uil'am^ resnlh and, unles'- otlniwise slatid, lefci Lo the 
spectra when at their luininous maxima (about 1 pei cent of pliosphoiogcnj 
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Neodymium . — The pliosphorescenoe m not very bright. With the system 
NdjOg — CiiO, the following maxiina me observed — 

5045; 4G90; 1660 , 4610, 4575; tolS, 4100 , 4295; 1J70, 4230; 
4220; 4igo; 3980; 3920. 

The system Xd;(S()j) 3 — shows only one broiid l).iiid, from A5770 
to A5010. 

Samarium — The phosphoiescence prorliieed by smii.inum is omnge-yellow', 
orange, or orange-ied m coloui. The spectra obser\e<l when the diluents aie 



. <1 I I 1,1 

674.* 660 Si 626S6/5 6052 ! sMp • 55^/ ^86 

647 5865 5683 




657 '651 • SeiS 55^7 54o 5 528 573 



553 5' 555 5*35 533 ' 528 

Fig 2 fi — Phosplioiesconc’ spectiu of the i.iie euth-s diluted with quickluup. 


calcium oxide, sulphate, and tluoride and gailolmium oxide and sulphate are 
shown in figs L’8-32. 

Europium — The colour of the europium phosphorescence is generally 
orange-red or caimiiiered. The .spectra observed with oxide, sulphate, and 
fluoride of calcium and oxide and sulphate of gadolmia as diluents arc shown 
in figs. 28-32 

The optimum mixture for EujO, — (ld/)g contains only 0 42 per cent, of 
europia. With this system, the variations 111 the relative intensities of the 
bands with the dilution is exhibited in a most striking manner. 

Europium was shown by Deman^xay' to be identical with Ciookes’s S 5 . 
The identity has been disputed by Ciookes,^ since the position of the 
“anomalous band ” given by Demareay and later by Tibaiii docs not agree 

' Dcnmr^ay, Compt icnd.^ IHOl, 132 , 1484 

* Ciodkes, Chem. NeiiSj 1901, 84 , 2; 1905, 92 , 26, Proc. Poi/ A'oe , IPO.'J, A, 76 , 
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with the position XG090 tli.it he found. This discropiiney, howevei, is duo 
to change of the diluent ’ 

Gadolinium — The phosphorescence spectiuni of gji(I«)lmiuiii lies wholly 
in the ultra-violet legion, and for the S 3 stcin tld.O, — Cat) comprises the 
following nuxinia — 

» 3159 ; - 3153 ; 5 . 3147 ; ^ 3140*5 ; ; 

3134 ; 3130 , .lOOl , 3088 5 , :wi8.-) . i>8J8 . 1 . 2789 T) 

'Die g.'ulolinnim spcctniin is of ji.arlicul.ir inteicst In 18!).h Ciookj's- 
obseised a new' phosphoio'sccnoe spectrum in the ulti;i\iolet legion :ind 

Pr Pr 

e/0^ sdo 5876 



6425 €18 604 595 ''S85S 563 ^556 ^30 


620615 ' 5935 5915 ~589 2 


J — — A — 

oioS 589' 5^1 5695 549 2 ' 5^5' 540 8 



ess '6485 6/25 577 sbs 5675 5415 


Sm 




Tb 


Dy 


Er 



5535 '-5435 522 


Fig 29.— Pliosiilioresciii' «* six-r 1 m ef nuc cailh sulplialos dilulcil with 
ralt luin su]]i]jale 


attiihiited it to an element victorium.^ Ai-coidmg to (hooKes, “ Victoria” 
was more basic th.an teibia, but less so than yttna, and the atomic weight 
of “victorium ’ was equal to about 117 

In lyo.n ('mokes' concluded that Cibain’s pure.st ga<loliiiia contained 
“ victorium ” as an impurity I rbain has shown, howevei, that the phosjihor- 
esccnce siieetrum winch defines “victorium” is rc.ally part of the gadolinium 
spectrum ’ If “ \ictorium” were present merely as inipuiity in g.adoliiiiuin, 
then dilution of gadohnia with a large excess of lime shoiiM cause the “ vio- 
torium ” jihosphoreseonce sjioctruin to x.anish. Actually, ib gieatly inteiibifies 
the Kjiectium, which is shown very hebiy by practically puie gadohnia the 


‘ ilu this jiouit hw albo Lcceq dc lt«»isl)audiaii, tend , 1892, I14, 575 , 1893, 

116, Hll. • 

(’rookps, Pine, liny Sor., 1899, 65, 237 , rfom. 189't, 79, 212 ; 80, 10 
® Fust c.'ilh'd mnininn 

* ('rerikcs, C/iem. Seva, 1905, 91 , 61 , 1906, 93 , 143 

® Urbdia, J. Chim phys., 1906, 4, 321 , Ann Chim. Phyn , 1909, [\iii,J, 18, 301 
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victorium ” Bpcctniui, in fact, la at its maximum in the system >0, — CaO 
when about 1 per cent, of gadolinia is present Acconlui^ to Urban), the 
method employed by Crookes in isolating “victorium’' can only lead to the 
production of a mivtiire composed casentially of f^adolmiuiii and ytlinim, the 
number of fiactions being far too small to lead to the isolation of a new 
earth Moreover, there is no corroborative evidence in favoui of the view 
that a new clement of atomic weight 1 17 can be sep.iiatefl anywheie between 
samarium and dysprosium. Mo^t convincing of all, a mixtuie of L’L’G pails 
of gadolima and hH ])arls of }ttria corresjionds to an “atomic \vi'ight’'of 
118 anrl possesses all the properties associated by Oookes with oxide of 
“victorium”* The “victorium” spectium obserxod by Ciookc's is, then, 
the spectium of gadolinium in the system (hUfSO^)^ — 



ff/i S7I3 5675 




n 



Eu 


Tb 



The spectrum of gadolinium is moic sensitive in calcium sulphate than 
in calcium oxide 

Ter7)^ini\ — The phosphorescence of a s\stem containing ti'iluum is blue, 
bluish-green, or green, aecoiding to the amount of teibium [uesent The 
spectra of teibium in calcium oxide, .snlph.ite, and Huoride and in gailolinnim 
oxide and sulphate are shown in figs 28 

The spei’tium of terbium extends a considerable distance into the ultia- 
violct In addition to the bands shown in the diagram, the system Tb^O, — 
CaO show’8 the following — 

’ 6030; 4910, 1890, 4855; 4825, 4785-1730. 4670, 1610, ‘l()20-1570; 
4472; 4455; Uto, UlO; 4395; 4370; 4350; 4 .'lt 0 , ISdO, 4JS(). 1245; 
4220 , 4210; 420 o; 4190; 4180; 4160; 4145; 4140; 4130; 4120; .'!!)15; 
3900; 3880; 3865-3840, 3820; 3805:3795-3780; 3770; 3750; 3735; 
3720 . 


^ Its pale brown colour (duo to toibiuni) ozeepted. 
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The system T 1 ),(S 0 ^) 3 — (;id2(SOj)3 shows Iho followin'; a(klition;il Immls — 

4995-4975; 4900-4830; 47.30, 4r)80, 4420; 4370, 4355; 4300; 
4195-4065; 3955, 3935, 3850; 3810, 3765. 

The system Tb20SO^)j — CaSO^ sliows the folhiwini' hands - 

4990-4840; 4750-4675; 4590-4510; 4420; 4390; 4355: J'i-O. 4255: 
4190-4080 ; 3865-3765 ; 

The system CaF.^ >»ho\\s tlie folhiwini; hands — 

5020-1890, 48!»0 1825, 4705. 1050- 1.550. 4435 4405; 4390, 438O' 
4350; 4310, 4270, 4215, 4220-4200 ; 4190 4170; 4135 *, 3805, 3825; 
3800. 



1 1 . 31 — Plioqtlinrt M iMii f s|H I ii.i III ilu‘ MU' I <liluto<l with u.uloliiiia 
{iieparc’l Inxii nx.il.it* 


The siieetnnn of terbium is of consideuihh* interesl, in 1!H)5 (’loukes^ 
announced the discovery of two new r.iie eaitli eleiiienls, incognitum and 
ionium," NNhieli heeliai.udetised hv tlicii ultia-violet pliosplioiescenei* sjieetra 
The ma\ima wt-ie AA370O, 3S19, ;{sr>2 foi “ ineo'^iiilum " and AAI.‘I5I, 1371, 
4123 for “loniiim ” llefeiciiec to the liiruies |^i\oii .‘ihove wdl show lliat the 
“ nico;j:nitiim ” and “ ionium ” .spc tra form part of Llie terhiiim .sju'clnim in 
the system -(JcFhSO,)^ Tlie spectia a‘*siiriied hyt’iooki'S to llio 

“ meta-clements " (i^, and (1,, also foim ji.aits of tlii'' sann* sjiectium 

The indopeink’nt \ariations in the intensities of the dilieicnt hands 111 the 
terbium spectrum with the dilution are e\hihiti‘d in a m(»st sliikni^j manner. 

Dt/f<fnfisnim --The phosj)h«)ieseenc<* due to this eleiueut is jmie yc'lhiw or 
pfreeuish-yellow in eoloui The speeti.i ohser\e(l in calcium rixidc, sulphate, 
and fluoride and in Loidolininni oxide and sulphate as diluents aiu shown in 
tijis 28-32. 

l)}s})rosium is the element responsible f«)j rujokes’s eition h:ind. The 


* OiooUrs, ('/urn. Xrii<,, 92, 'i 7 i 

^ Net to becoiifu'jpd with the radioactive element of that name. 
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correapoiidenco of the l).iiid at AoSLS m tlio Byhtcni CaO witli the 

citron band X57 10 has, iiowover, been donn'd by Ciookes The difterence 
in wave-length is (Iu(‘ to tlic l.ict that in his expeiinients the diluent 
was not linie but yttiiuin .sulphate It will be .seen fioin the diai^ram 
(fi^. 32) that ulien the diluent is ir.idoliniuni sulph.ite, the dysprosium 
M[)ectium redui-es to an intense, b.ind at AoT 10 Moieover, it is found that 
tlio addition of a ti.i ‘o of dyspiosia ( 4 ) a s.iinple of yttria ,S 4 » puie as scarcely to 
show th(‘ eition band causes that baml to st.ind out with I're.it hiilliauce. The 
speetium of dysprosium in yttiia a.s diluent compn.ses the following band.s 
(yellow pho.sphore.scence) — 

.Wf), OHiiO; 5830; .’) 7 !» 0 . 5757; 5740; 5730; 5705; O(! 70 , MW; 
hriH? , 03 to, 5495; 3170 , 3375 , 3.100 

Ethntm -The phosphmeseenees due to eibium aic eithei f^reen, I'lei'iii.sh- 



Fio. 32.— rho*iphorcscen((.* speotia 1.1 laii* cailli sulplia( 4 *s (IiIuIimI with 
ga'lohiiinm sulphate. 


blue, or blue The spectra obsei veil with ealcium o\idc, sulphati*, and fluoiidc 
as diluents are shown in fi^s 2S, 2t), and 30 - 

'I’he following bands aie exhibited by eilua diluted in yttiu. — 

6610; 6540; r) 7 ;i 0 , r.G^O, 5642; 5615: .’■.MS, 5535; r.uio, .MOO; 
5490; !) 17 .'), r.KiO, 5390; .MIO, .M 25 , fi2!)0, 0J70 . 5263; , 5:>;iD ; 

5225; 0210, 5200. 

Tkiinauy Sxsi'KMs.- In ternary systems composed of two ])hosphoio}:ens 
and one diluent the older of dccieasni}:; sensitiveness of the four most artivo 
phosphoioj^eiis is d\sprosiiim, teibium, cuiopium, and .saniaiiiim, except m 
oxide sy.stems. In the latter ease, the ordei of decreasing sensitivenes.s is 
terbium, europium, (hspiosium, samarium, pia.seodyiniuni, and neodymium. 
As has been already mentioned, when two pliosphorogens arc simultaneously 
pYesent the most sensitive spectrum is slightly, and the other considerably 
enfeebled. 

The preceding eonsideiations indicate that when the lare caiths are 


^ UiOdkc’s, f’//i'in A\iis, lUOf), 94 , 79 

* The eibia used contaiiie<l 30 percent, of yttiia, and the ErjOj— CaO !>y4cm contained 
1*5 percent, of the erbia— yttiia mixture. 
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present to a minute extent in a mineral and the latter is examined by the 
method of Ciookes (p for its jihosphoieseenee s}*eeliiim, the bands most 
readily obsened will be tho cition band of d\spiosiiim, the oian^e bands of 
sainaiinin, the ^leen bands of teibium, and the “anomalous b.md " of 
euiopnnn That the last named often f.ids to make its ajipeaiance is duo 
to the extreme laiiLy of euroj)inm, which is only one lifti(*th as plentiful as 
dyspiosMiin 

Utility of Phosphorescence Spectra in Analysis.- For analytical 

pui])oses it is bi ^t Ut dilute a small poilion of the laie e.iith mixtiiie to be 
evamined with pine lime so th.it the mixluie eontams 1 jier eenl of rare 
earths \ puie laie eailh th.it acts only .is a ililnenl then shows piaelieally 
no phosj)hoie‘.( enee, while a ]inie raieeaith })lmsphoio^en phosphoiesees with 
its maximum powei , with a laie eaith mixtuie, on the othi'r hand, each 
phosphoi(»;^cn Lfives 1 ise to iN own ])hosphoieM*en(.a' speelinni, l»nt not at its 
ma\imum bi illiaiK \ 'I'he pho^pholo}iens piesent ni.i\ be iee<»^Miised by the 
positiinis of tin 11 bands anil lefeienei' to ii^ ‘JS Aeeoi<lmi: to I ibain. the 
obsei \at ions ma\ be ni.ide w ilh the same degiee of eei taint ^ as ma \ obsin \at ions 
of aieorspaik spectia. with the adiant-uje that, unlike these latter spi'etra, 
“paiasite ' la^s [f </ air liin's and lines of j;old oi jilatinnm in thcspaik and 
laibon b.inds in the .iic) aie absent 


biM. Srii'iiu 

Arc and Spark Spectra. — 1 ’in‘ line spi^'lia of the eleni(‘nl.s hk usually 
ol)s"iNed ma\ be disidrd into mil '•ptiti.i aei-onlin^Mo tlii' nature 

of the e\pi‘i iiiK'nlal pnuediiie followed m piodia mu tiiein 

'riie <’ spe( lia of t lie i.'iie eai ih elements .iie most simply piodnci'd by 
mtiodiii 11^ small ipianlities of then oxides into tin* positi\e i i.ilei of a eaiboii 
all liiilit and hx iissm^ the li}zht upon the slit of the spe<*li.)seop(‘. Since tho 
aie s]«eeti.i aie \ei> inh in lines, the most nn|)oil.inL of wliieh Ik* in tho 
iiltia Molet K'uion, the sptetia must )m* [iioduted b\ means of an insliiimenl 
of hmh di'^peision, tin* optnal jiarts must !•<* made of ipiait/, .iiid tin* spectra 
must lie photoi^M.iplied liiiies and li.inds <lue to the eaiboii aie itself are 
elmiin.ited by takiiiLf, on tliu sann* plate, a eom]j<iiison [ihotoi^iaph of the 
speitiiim of the aic , the wa\e leimlhs of the lines aie found bv t.ikin^ 
anotln*! eomiiaiison i)lioto;zi.iph of a known sp«*elnim, usnallv the an* spcctium 
of non 

The s/xiil speelia of the r.iie eaith elements an* most eonieiiiently 
obtained by tin* followin;^ method of illumination el(*(tne spaiks fnim an 
iiiduetioii coil or tiaiisfnimei aie p.i^^ed belwe(*n a pl.itinnm, ^nild, oi |_oa})hito 
oleetioile anil a solution of the (hlomle oi mliale «»f a lare laith metal, 
the solution beni^ made TK*i:ali\«* to the otlni electrode Hen*, a^onn, tho 
apectia should be pholo^^iaphed, since tin* most im}iortant lines lie in tho 
ultra-violet region 

\um'*ions eonienieiit foims of ajipaiatns have been dest*iibefl, and one is 
shown in -T.S ' A jiicee of ^lass tnhm^ about six meins lonj; ,md with 
.a ('a[)illaiy lioie is bent into .i I'-tiibe, as shown, and a small funnel of aliout 
2 c e e.iiiaeity blown at eai h end A gold wiie is passi*d thiongh tin* i ajiillary 
tube and made to piojeet a little aboxe the iiin*of the lowei funnel . oxei its 


' Fiu (jlhcis, sec Maly, Sputmscoprf (Loii^iiimi'i, 2inl ed., 1912), C'loekf*., /’/Oi liny. 
So. , 19U3, A, 72, 1*95 , Chein Nevs, 1903, 88, 202. 
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projecting end a short piece of thin-wallcd capillary tiihing is slipped so that 
the end of the wire is level with llie top of the tubing The salt solution 
asc(‘nd8 the capillary and keeps the end of the gold wire 
well w'ctted Another gold wiie !3ei\cs as the external, 
positive electrode. 

In examining the spark spectrum of a rare earth 
element it is usual to make use of the condensed spark, 
by insoitiug an electrical condenser in parallel with the 
spaiking apparatus. Further, in order to eliminate 
spectrum lines duo to air, a self-induction coil is gcncr'illy 
introduced into the secondary circuit. A powerful induc- 
tion coil or transformer is necessary, in order to obtain 
a heavy s])aik discharge, for the spark spectia of the 
rare earth ('lenuMits aic not etjually sensitive, and when 
Fio .‘13 ~A|)|inratus dealing with mixtures a feeble spark only suilices to bring 
s miirfliS out lines of the most st'usitivc spectrum It is a lather 
fortunate ciieumstanec that the most sensitive spaik 
spectia arc those of the rare earth elements that do not give rise to absorjition 
spectia The sensitiveness of the xttrium spectrum, for instanee, is very gieat. 

"When the spark spectrum of an aqueous solution of a salt is examined, 
it IS found that as the solution is giadually diluted the lines \\cakon and die 
out at difVcrcnt rates (tivoii the same conditions, however, it was found by 
Hartley ^ that the same lines always disappear at the same dilution J lartb'y's 
work has been continued by do (Jramont ^ and by J*ollok and beoiiaid,'^ who 
have given the name of vltnnatc or icvdunl lines to those few lini's that 
persist the longest when the solution is diluted. It will bo obviims that 
when the relative degiees of peisistenev of the various lines in the spark 
speetrum of an element have been determined, the obsenatuins may bo 
advantageously employed for purposes of quantitative analysis Tbes results 
are conveniently represented in the following manner, due to llailley lines 
seen in a 0 001 per cent solution of the metal are denoted by w, those seen 
in a 0 01 per cent, but not m a 0 001 pei cent solution by «//, those seen in 
a 0 1 per cent but not in a 0 01 per cent solution by Iboso scon in a 
rO per cent, but not in a O’l pci cent, solution by (/>, tliose only seen in 
Bolulioiis more coiiccntnited than 1 0 per cent, by o-, and those seen in llio 
metallic s})aik but not given by an aqueous salt solution In t 

111 the case of the rare eaitli olenicnts, the necessary mea.suiements have 
only yet been effected for cerium, lanthanum, and Atiniim ' 

With icgard to the ultimate lines iii the spcelnim of an element it is 
important to note that they are not necessarily the lines tow aids which 
a photographic plate is most sensitive (ie. the most intense lines). The 
data for cerium in the accompanying table of wave-lengths will scivc to 
illustrate this point. Tn a number of cases, accoiding to de Graniout, the 
ultiinate lines of an clcnient are independent of the method by wliieh the 



* ITaitley, VhiL Tran^ , 1884, 175 , 325. 

■ A dcGiamoiit, Cvmpt. rend., iy07, X 44 , 1101 , 145 , 231 . 190S, 146 , 1260 ; 147 , 239, 
807 ; 1909, 149 , 263 , 1910, 150 , 1235 , 151 , 308 , 1914, 159 , 6 ; Anv. Chim. Ihys , 1909, 
[viii.], 17 , 437. 

* Pollok, Sci. Proc. Roy. Duhl Soc., 1907, II, 184, 381 , Pullok and Loonaicl, 
1907-S, II, 217, 229. 267 ; Leonard, 1908, ii, 27u 

^ Pollok and Leonaid, loe. ext, Tlie coiidensed spuikwas used and the appaialus pictuied 
in fig 33 utilised. 
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spectrum is produced (flame, spark, arc, etc ). When, as often happens,* this 
'is not the case, it ih nevcithelcss found tliat the ultimate line.? aie always 
lines of frreat persistency in the condensed spaik spectium 

A numher of rcgulaiities in the line spectia of home of the rare earthy 
eleiiKMits has been obheivcd, but no defimte senes of lines have }et been 
detected - 

The accompany in*; table jines the wave-leniilhs of the most intense, and, 
w'hcro known, the most pei-sustent lines in the aic and spaik speclia of the 
rare eaith elements. 


^ Tollok, Sit I'ioc liui/ J>ubf Sj' , 1912, 13 , 20‘J U'U 

2 Se.- Ihcks, r/iil Tnn,^ , 1912, A. 212, «« , l“n. A, 2i:i, IVl'i (Sc, Y, U, I Id. Yl.) , 
Pnpov, Jnn Pln.sd , 1911, pv 1. 45. 147 (Y > . r.iiiKoii, ihd . 1914, (iv 1, 45. -ll'* (S.*, Y), 
1203 (La) , I’hvsikiil 1914 15, h‘i2 O'. , I-'O . 16. 7 (Ud). 1*02 (Tin) 


CHIEF ARC AND SPARK LINES IN THE SPECTRA OF THE 
RARE EARTH ELEMENTS * 


S[iaik 

Arc 

Spai k 

All*. 

Spark. 

Aic 



2949 5 

1150 09 

43S2 32 

CriJ It M ‘ 


308(1 7 - 

•110.9 75’’ 

43^0 9.5 


21:. 9 1 


3118 6 ’ 

/,1SI S6^ 

4-l(i" 40 


Jli.9 1 


3171 1 

4180 71 

4479 .52 


21^1 h 


3107 0- 

429u’88 

■11 ''7 06 


2' {•) 9 


332(. 0 

1391 81 

1527 51 


2<)77 7 


3 !91 5 

4400 <8 

452h ()4 


2' 2 - 


3(>t)5 6 


■r.39 90 


27 jy 1 



4562 .'2 

4562 52 

* 

2i .»7 9 



4572 16 

1572 45 

' 27*.r. 8 

( MUM 

1591 12 

45'i4 11 

1 2^;i 1 

?i,(f • ' 

.5'ir.2 77 

4628 33 

4628 33 

3 

.'!>•><! t,h 

lll'( 99 

.^,n70 5 ' 

1 5353 72 

' 284'. 2 

.‘*"1 71 

n:.o 11 

S’ilL 

5512 27 

i 2870 2 

.,'.(',0 ;.9 ‘ 

41-(J 78 


(.272 28 

1 1 

4012 '.h 

12J2 78 


0371 30 


2'‘0J 9 

11 ‘{1 '•« 

4291, 8^ 




2''-’,l 7 

1137 78 

4337 90 




Oiih ill.' r.nif'c A215') 1<» a3700 Iijs Iim n •■xunniifd. 
Tli<‘ in"st jiiL hiM s i I < <dliuni 

’ Jlff'ioo of iH'isistciii*} Mpnil to X 


* ^Vlt,ll tin Pxte|itioii of till' Ini«‘S ot olfiinn, Iho linos pivfii in Ihi'sr tal.lcs 111 oidmaiy 
and in rUii'iidnii 1} |)* s n j»n*..('nl tin* " haupthinon ” 01 must in/cnic liius, and an lukm Imm 
Kxiiei and Ilaschck, Ihr S/rfUrrn dfr KlemniU bei tiormalnH Hrurfe Lfij)/if' and \ icniia, 
1911) Lines given in italn s aio annnig ilie mo'it jirrsiUmt 1»nt imt among tin* most iiitciiHo 
linrs WlicTP tlipy aru known, the rel.itno |M‘isihlrncp8 of the sjiaik limsatf indicated 111 
Ilartley’i notation (]i 3(i6) Linos of iiitdiHit} 50 or over on Kvnei amj llascliek’s >.cale of 
niteiisitu’s are given in heavy tyjie 

The wave-lengths given by Kxner and Hasehek aic conert to within one 01 two uiiiIh in* 
the second dci’inial place lieaiing this in mind it is easy Uj jmk out the “ hauptlimeii ’’ of 
a rare earth element that aie common to the arc ami spark sjim tia 

Si'AKK SPEcrRA.— The following is not a complete bibkogiaphy, hut iiieludes practically 
all the modern references to the spark s])eclrA of thr rare eaillih - 

Cerium. — Brauner, Monatsh , 1882, 3, 1 , Lolise, J’uf'l Obwv I’oUtdam, 

1002, 12, 109 , Pollok and Leonard, Sn Proc. Roy. l)uh} , 19<iB, 1 1, 257 , Exnei and 
Haschek, SUtungsher, K. Akad H'ut. JFxen, 1899, 108, I la, lu71, Audopiucit, 
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CHIEF ARC AND SPARK LINES, ETC.-contnmrd 


Sjurk. 

Aic. 

S|).uk. 

Aic. 

Spaik. 

Aic. 



3729 69 

4129-90 

3972-16 




3830 69 

4205 20 - 

4129-90 

3154 50 

3524-14 


3896-40 

443574 

4205-20 

3521 20 

3. >24 18 


3902-95 

4522 75 

4435 75 

3531 8S ’ 

3531 -87 


3906 17 

4594 28 ■’ 

4522 76 

35.50-35 > 

3536 20 


3932 48 

6645 41 

4594*27 

3600 19 

3538 66 


39.58-79 


4627-47 

3645‘:)j 

3638 70 


3973 26 


4662-10 

3t.7G 71 

3550 37 


3973 78 


0645-44 

3694 90 

3941 S3 


3974 80 



3n!‘8 30 

3908-56 


4008 12 



3806 14 

4000 61 


4020-69 



3^98 70 

4000 09 


4059 98 

UADOLlMl'M. 

3911-82’ 

1040 16 


4087 80 

2028 22 

3082-16 

3978 72 ' 

4078 1 1 


4143 11 

2904 84 

3100 66 

lOoo 61 

1103 50 


4151-20 

2955 62 

3122-1)2 

4078-15 

4I68-15 


4119-78 

3360 66 

3515-94 


41.S7 00 


4.5h3 45 

3362 41 

8519 52 


4211 80 


4631-10 

3122 65 

3586 12 


4 211 89 


1675 77 

3545 95 < 

8646 36 


422! 30 


4759 S3 

3549 51 * 

3071-39 


45S9 .53 


5827 01 

3585 10 

3719 63 


4957 59 


0221 22 

361() 52 

3713 68 





.5661 70 

3768-60 

Kiiiuiim. 



0712 89 

3796 62 




3719-62 

3811 18 

3372 91 

331 2 -DO 


3713 60 

8852 65 

3 199 29 

3372-92 

3725 08 

36S8 57 

87GS 51 

3916-70 

3692 SO 

33 ''.5 23 

3819-81 2 

37-25 10 

3782 .51 

i.4037-49 

39<"; 51 

3199 28 

.5907 30 

3819 80 

3791. .54 

4050 05 

4419 79 

361(> 75 

3930 65 - 

•5007 28 

41 to .55 

4063-62 

1675 80 

3692 85 

3972-16 ■’ 

3930 66 

4184 18 

4071 51 

— 

_ . 






^ Deiinu^ 'v’‘ t'kinont A Tlic ollior lim*s asciibcd to A l>v tin* ' 5:11110 iiulliouly aie 
A\t2rj 6, ‘liyfj'fi, 4187 u, and .‘l[5y5 0 , they aio piosuin.iMy \eiy poismtontchspioMUin linos. 
^ D('in.ir»;ay’8 olcincnt ^ 

’’ Loooq de IJoisliaudian’s oleinonl Zc Tin* othoi liiu-s asciiliod to Z. kv tlio same 
anUioiity .no AAlC'J? 39 and ‘16o2*0S , tlu-y Jiio jnesninably M’ly poisislent i‘uro|miin linos, 

■* An ulfnivtk line, accoiding to I)i*ni.iii,.iy. 


Dysprosium.— liiToq do Iknskainlian, Com/>t irnd , 1880, 102, 153, 1003, 1005, 
DcniaiiM}, ihd., 19iM), I3i,'387 , Uiluin, dud, 1908, 146 , 9J2 , JOmioi and Ila^chok, 
opus 4 d 

Erbium.— Tlialon, ('nmpi, irnd., 1880, 91, 32«) , (t,/r>rs. K. Vd -Ahnd Fmhundl , 
1881, 6, 13, E\noi and llasoliok, tSd'^ungsUn K AhuL Wiss Wim, 1899, 108, lire, 
1123, and opus cd 

Europium.— Domai 0:1}, Cooipt lend , 1890, 122, 728; 1900, 130, 1019, 1409 ; 1901, 
132,1484 ; Emioi and llasrhok, Sdnuiiqd^i K. Akad. IFiss. If’ifii, 1902, ill, 1L(, 42, 
and opvscit . ; (’iook(s, Pnu' Hut/ Aoe , 1‘'05, 74, 550. 

Gadolinium — Lotoq do lloiskaudian, Compf. 1886, I02, 902 , 1889, 108, 165; 

1890, III, 472, Doniaioay, ibid., 1890, I 22 , 728, 1900, 131, 343, 995, Kxnei and 
Hascliek, A". Akad JPus. trim, 1900, 109, Ilf/, 103 ; 1901, iio, Ilfi, 557, 

and opui nt 

Holmium.— E\nei and Ilaschek, Sttzuni/sber. K. Akad. tl'iss, U'li'ii, 1901, no, Ila, 
557 , 1910, 119, 11(7, 771, andry/nsc/A ' 

Lanthanum.— Iliaiinei, Munntsh , 1882, 3, 1 , Hotlendoif, Anvaho, 1890, 256, 159; 
Exncr and Ilaschek, opus cit., and Sitzuugsbc) . K. Akad. IFisi,. tVien, 1899, 108, Ila, 
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CHIEF ARC AND SPARK LINES, ETC.-cnntinufcL 


Spaik 

Alt 

Spark. 

Arc 

Spaik 

\ic 

1251 91 
1312‘10 

4073 99 
4085 73 

Lamji vm m. 

2895 00 

2911 59 

3198 27 
325-1 45 

4406'8O 

1098 80 

do ‘ 

3949 27 

29b 1 11 

:i‘28l 89 

4436*13 

4130 59 

jd:D 49 2 

3988 09 

3058 08 

331*2 30 

4510 23 

1181*18 

S}70 

4238 55 

307775 

.1359*74 


42-.1 90 

‘yitio 4(t ^ 

43:13 98 

3254 4 5 

3376 09 


4202 21 

L'SOS 46 ' 

0250 1 1 

3397 

;J397 21 


4325 83 

3171 79- 

621)2 52 

3172 62 

3472 05 


1327 *29 

3 -.17 20 

0391 16 

3..07 50 

350757 


1342 i5 

37j9 33 


3554 58 

35<iH*.55 


0114 26 

3791 02 


41M 11 

3551*58 



3794*99 



35b8 i>0 



3871 .89 



3621*10 

IIULMII M. 

3949 22 - 



3630*41 

2930 88 

:J399 1*2 

3988 69 ‘ 



3870 fcU 

3181 00 

3425*49 

1011 .86 



4124*87 

3399 11 

3128 27 

4013 IM 



4184 40 

3415 01 

3150*15 

408') 90 



4518 .'1 

BllG’OO 

3425*17 

3471 10 
31M*98 

1123 .39 
4287 09 



5476 ‘88 

598:i “2 

3riS 21 

1515 73 

4331 97^ 



5981 32 

3450 15 

;ri98 92 

45*22 54 * 



6222 10 

3181 99 

3718 32 

4 Dni //;> 



6463 40 

3191 90 

1757*41 

y.H! IS ‘ 



3515 74 

3S89 10 

5450 d',^ 




3550*95 

.3891 17 

65SSS4^ 1 


1 lll^^ MU, M 

3598 92 

4015 58 

Li li 


401*2 12 

3^6.1 52 

3718*3.. 

4251 59 

< ll’M 

40.11 IM 

3951 32 

3757 •!« 


(((/si uptiiun ). 

lOhl 20 

1001 27 

3790 91 


260 1 4 1 

2015*50 

41.50 30 

4150 ,0 

3810 91 


2015 52 

2911 53 

4177 50 

■1247 51 

3891 is 


2772 70 

3077 75 

43u:i 77 

1.182 07 


^ |MMslstrlu‘} ((pliil Id x 

“ I)pgiiH‘ of iioisMi-ni y 0(^11111 to ^ 
^ Cle\o’s ‘Slonieiit” Di/3. 


1071 , and Vub iita, ihvf., 100‘>, ii 8 , llo, f»ll, LdIjso, J’uh/ A\tn>}>hti'i (tbitcrv. 
190J, 12 , 109 ; Pollok and Lennnid, .S'« / /’/or* lltm Inihl Sot , 1908, ii, 
Lutecium — Uiliain, Owi/if umf , 1907, 145 , TfrO , 1908, 164 , 400 ; Ain-i \«)n ^Volshach, 
Si(zunihl/et K Akml, iriss. Jf'icn, r>07, 116 , II//, irJ5, 1909, 118 , Il/r, 507 , Kviici and 
lla''cliL‘k, iliiif , 1899, 108 , II//, 1121 , ainl npn\ tit , ('rnoki's, vidt i/i/nt 

Neodymium. — Auci \Dn \Vi*Kl).uh, Monatsk., 188.5, 6 , 177, Stt^nntj'ttn'r K Akad. 
Il'iiss. JPV/f, 1885, 92 , II 317 , 1903, Ii 2 , ILr, 1037 , Exiici and Tla'icln-k, ilml,, 1899, Z 08 , 
lift, 1071, and ////>/ s at. 

Praseodymium. — Aiiei \on WrlOmcli, loc at. , Exnoi and }lasoln-k, A<c at 
Samarium.— Hot tondr Ilf, Anntden, 1891, 263 , 104 , D/'inai^-iy, Comttt laui., 1900, 131 , 
995 ; Exium and llasclick, Siltun'/dirt K Aktut. ff'/ss JHin, 1900, 109 , II//, 103 , 1901, 
IXO, 11//, 557, and u/tus lU. 

Terbium — Domaivay, Ciympt. lend., 1900, 131 , 387 , Uibain, ibid , 1906, 142 , 957 ; 
J. Chun }ihys , 1900, 4 , 349 , Exnoi and Ifasdiok, opus eit * 

Thulium. — Thalon, Vnmpt rend.^ 18vS0, 91 , 376, Exner and Has/liok, ////mi «/., and 
Sitzungsber. K. Akad. trisi. Wien, 1901, IIO, Ila, 904 ; 1910 I 19 , 11/t, 771 . Auoi von 
WcUbach, ibid., 1911, 119 , Ila, 193 ; Monntsh., 1911, 32 , 373 , /rdsc/i. anurif Chem , 1911, 
71 , 439 , (Vookcs, Pror Hoif. Sor , 1906, A, 78 , 154 ; Uibain, Cionpt icnd., 1907, 145 , 759. 

Yttrium — Haiti cy, Trans Clam <87//*., 1882, 41 , 210 , Kxnoi and Hasdiok, »S'i/;/</< 7 «//t’/*. 
A". Akad IViss. Wien, 1899, 108 , ll/t, 1123, and opus cit. ; I’Dllok and Leonaid, Ha. Pioc, 
Itoy Dull. Soc., 1908, XI, 257. 
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(^HIEF ARC AND SPARK LINES, ETC.-«)«//?i««l 


Spark. 

Arc. 

Spark 

Arc. 

S}>ai k. 

Arc. 

4446*54 

4308*78 

4409*01 

4429 *.38 


4544*12 

4451 ‘68 

4325*87 

4429*41 • 

4496 60 


4566*33 

4463*12 

4876*11 

4496 63 

4510*32 


4577 88 


4385*81 

4510*33 



4642*41 


4400*96 




4674*79 


4446*61 

Samarium. 



44.51*71 

4319*12 

8739*30 

Terbium.^ 


4463*09 

4391*05 

4152 38 

2659*01 

3324*53 


4920*84 

44*24*52 

4203*18 

2891 *40 

3509 34 


o29o ou 

4434*60 

4225*48 

2909*35 

3581 86 


s^olB 9S 

4467*49 

4229 88 

2913 39 

8561*90 




4236*88 

3609 32 2 

3568*69 


0o2U 70 

At Q 1 A lim 


4256 54 

3561 90 3 

3600 60 


DolO 69 

A A 1 *£i ^ 


4319*12 

3676*522 

3628 35 


Oo41 o9 

AQOr. .QO 


4329*21 

8703 00 » 

36.'i0*60 


Doo.) o2 


4334*32 

3747*48 

3659*02 

Praseodymium. 


4347*95 

4391*03 

3848*90 

3874*32 

3704*10 

8711*91 

8877 38 

4008 90 


4420*72 

39*25*60 

3848 90 

4100*89 

4100*91 


4421*32 

8939*71 

3874*33 ■ 

4118*63 

4118*70 


4424*55 

3977*00 

3899*34 

4143*28 

4148*33 


4434*07 

8892*04 

8925*60 

4179*60 

4179 60 


4434 52 

4144*60 

' 3039 75 

4189*70 

4189*70 


4452*92 

4278 67 

3977*01 

4206*81 

4206*88 


4454*84 

3982*07 

4223*20 

4223*18 


4458*70 


4005*70 

4225*64 

4225 50 


4467*50 


4012 99 

4241*28 

4241*20 


4519*80 


4278 70 

4806 99 

4305*99 


4524 08 


//62*69 


^ According to Eberhard, the most persistent lines in the are spectrum of terbium are 
AA8?i28-82, 8676*52, 3703*00, 3704 10, 4005*70, 4278*70. 

* Demar9ay’s element r. The other lines ascribed to T by that authority arc x\3523 *79, 
,•8540*42, 3568*68, and 3704*08, which aie presumably very persistent terbium hues. 


^ Ytterbium (neoytterbium).— Urbain, Compt rend., 1907, 145, 769 ; 1908, 146, 406 ; 
,;A«er von Welsbach, Sitzungsber, K. Akad. IVus. Wien, 1907, 116, lift, 1425, 1909 xz8 
» lift, 607 ; Exiier and Haschek, opus cit. ; Crookes, loc. cit. ’ ’ 

’ Spectra.— The following is not a complete bibliography, but includes piactically 

|5, all the modem references to the arc siiectra of the lare earths ; — 

'??* Yalenta, Sitzungsber. K. Akad. Wise. Wien, 1910, no, 

' ® Nd, 

IT, Y). 

Celtium.— Urbain. Compt. rend., 1911, 152, 141. 

Photoehem., 1908, 6, 73; Cooper, Astrophvs. J., 
j^^^l909, 29, 329 ; Eder, Chem. Zentr., 1916, i. 1046. 

rPysprosiura.— Ebeihard, Zeitsrh. wiss. Photoehem., 1906, 4, 187 ; Astrophvs. J., 1906. 
809 ; Publ. Astrdphys. Observ. Potsdam, 1909, 20, 8. 

Arbium.— Exnor and Haschek, opus cit. , Eder and Valenta, loc eit. 

9 - ' Europium.— Exner and Haschek, Sitzungsber. K. Akad. Wiss. Wien, 1902, xxz. Ho. 
k49, End (muscit. • » » 1 -» 

S' Gadolinium.— Eberhard, Zeiise^ vHss. Photoehem., 1906, 4, 137. 

^it*,^Olmium. — Eberhard, Publ. Asirophys. Observ. PoUdam, 1909, 20, 8. 

Harnson, Asirophys. J., 1898, 7, 373 : Kellner. Imua, • 
I^P iygftof ion (Bonn, 1904); E. WoHf, Zeitsch. loiss Plwtoehem., 1905, 3i 895: Humphreya, 
^IfrepAyi. 1907, a6, 18 ; Eder, Chem. Zentr., 18J6, i. 1046. ^ 
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CHIEF ARC AND SPARK LINES, ETC,--rontiHHed. 


Sjiark. 

Aro. 

Spark 

Arc 

S^tatk. 

Arc. 

Thulium. 

2891*50 

3289*50 

3633-28 

3982 79 

8181-40 
3134-01 
3161 18 
3172 98 

3181*40 
3134 00 
8362*78 
8425 27 

2919-49 

8464 47 

8664-76 

4077-64 

8005 85 
3026 78 


3710-44 > 
3774'5i’ 

4102-57 

412S-50 

3108 00 
3103 01 

5556-67 

8788 88 
3850-51 

4143 03 
4177*74 

3286-96 
3261*75 
8362*75 
3425*25 
3462-38 
8700 40 
3701 52 
3761 50 
3762-05 
3795*50 

3441 71 
3453 82 
3462 37 
3608*92 
3700-41 
3701 64 
3718 07 
3734 29 
8744-22 
3761 40 

3289*50 

3375*6.5 

3478*99 

3694*35® 

3988*20 2 
4726*24 
4786 82 


3982-78 
4177-68 * 
4309-81 
4375;i ^ 
4855-06 

4883-95® 

4900-36* 
6087 ‘C I ^ 
5603-17 

4302 45 
4809*79 
4348 93 
4375-12 
4883-89 
6101-91 j 
6435-27 1 

3848*14 

3762 09 

Yn-RiUM. 



4522*76 

3795-90 

2367 80 

3216-83 



3848-13 

4094*33 

DEM\RCJ^Y*8 n. 


S 4 I 4 78^ 

3242-42 

3930 9 

3967 9 



4105 90 
4187*79 
4481-44 

84SS30^ 
2817 14 » 

3328*02 

3600-92 

1 


2946*15* 

3611*20 




3216 84* 

3621*10 



YrrEiiBiuM^ 

3242 40^ 
3828*03 

3633*28 

8664*78 

1 Dkmar(;at ’8 0. 

{iieoytlerbium or aide- 

8549*12 

3710*47 

3006-6 

1 

baranium). 

3600 * 90 * 

8774*62 

4008-2 


2803-55 

3031-26 

3602*12 

3788*88 



2818-^9 

8107-99 

3611*19* 

3950*52 




^ Tho (lutu given in the Ublo for ytterbium are taken fiom Exner and Haschek, opus ci(^ 
At the present time (1916) tho only spectrum measuiements that haye been taken with pure 
ytterbia are the measurements of the aic lines effected by Blumenfeld and Uibain {Compi, 


rend , 1914, 159 , 401). Tho most intense aro lines between \=2300 and \ = 3500 are as 
follows, according to these observers: — 


2390-8, 2398'X, 2464*5, 2512*1, 2538*7, 2596*4, 2617-1, 2642 0, 2044*3, 2653*9, 2666*1, 
2672-8, 2084-8, 2710*7, 2718 5, 2732 9, 2760 6 , 2771-5, 2776*4, 2784*8, 2814*6, 2821 * 8 , 

2825 1, 2831*1, 2847*4, 2851-2, 2861*5, 2867 3, 2891*5, 2919*5, 2946 0, 2970*7, 2984 * 2 , 

2995 0, 3005*9, 3031*3, 3065*2, 3089 2, 3107*9, 3193*0, 3201*2, 3226*0, 3261*6, 3289*4, 

3337*3, 3343 0, 3476*4, 3479-0, and 3496 0. 

^ Tho most persistent lines of ytterbium, according to de Gramont. 

> Degree of persistency equal to x- 
* Degree of persistency equal to i|r. 


Lutecium. — Exner and Haschek, opus cit ; Eder and Valenta, loc. cit^ 

Neodymium. — Bertram, ZsiUth. vriss. F^tochem.f 1906, 4 , 16. 

Praseodymium.— Bertram, loe. cU. 

Samarium.— Rutten, Zeitsch. wvss, Photochem.f 1906, 3 , 181. 

Terbium.— Eberhard, ibid., 1906, 4 , 187 ; Sitzungaber. K. Akad. Wisa. Berlin^ 19W 
). 384. 

Tliulium.— Exner and Haschek, opus cU , ; Urbain and Blumenfeld, Compt. rsndtjt 
.914, 159 , 323, 401. • 

Yttrium.— Kayser, Abhandl. Beilin Akad., 1903 ; Eberhard, Zeitsch. wiss. Photochanu, 
[909, 7 , *245. 

‘ Ytttf bium (neoytterbium). — Exner and Haschek, opus cit . ; Eder and Valenta, loe. 
Urbain and Blumenfeld, Compi. rend., 1914, 159 , 323, 401. 
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ALUMINIUM AND ITS CONGENERS. 


The X-Ray or High Frequency Spectra.— X-rays are emitted hy 
an element wlieii the element or one of its coinpounds is bomhnrded with 
cathode rays. The X-rays ate ether-waves of \erybmall \\a\ e-length, i.c. of 
very liigh fretpieiiey, and tlie speetrnin ol the X rays emitted liy an element 
may ho examined hy a proeess analogous to the diiriaetion giatmg method 
for the (‘\ammation of onliiiary speetra For a deseiiption of the piocess the 
reader is, however, refeiied elsewhere, as it is heyond the scope of this hook ^ 

The X-ray speetra of the elements have been examined hy Moseley and 
others'^ The speetra are cxtiemely simple, consisting as a iiile of four or 
five lines at the most. When, therefoie, the necessary ajipaiatus is axailahle, 
the study of these spectia should he prefer.ihlo to that of the are or s[)aik 
spectra, which arc extremely complex. Pieliminary wave-length mc'asiire- 
ments have been made hy Moseley foi the following laro eaith elements: 
lanthanuiii, cerium, praseodymium, neodymium, samarium, ciiropium, gado- 
linium, dyspiosiuni,^ yttiium, and erbium. 

The X-ray spectra of the raie eaith elements throw a good deal of light 
on the (piostion of the homogeneity of these suhstances. Furthei discussion 
of these spcctia is thciefoie given in the following chaptei (see p 

Al'l’LK’ATlONS OF TIIF IIMIF EAIITIIS « 

According to a statement hy Steiir* in 11)13, the ineaudeseent mantle 
industry consumes about ,3300 tons of inona/ite sand pei annum, 300 tons of 
thorium intiate being inoduc<‘d Vei^ laige (jiiantitios of eaiths of the 
cerium group are obtained as by-pioducts , in fact, about 1000 tons of ceria 
per annum are obtained, only .1 tons of wdiich are loipured liy the mantle 
industry. The mixed lare earth oxalates or carbonates loft as n'sidues are 
usually knovvn as crude cerium oxalate or carbonate, and their fiotitahle 
utilisation in chemical industry is a problem that lias at jiresent received no 
really satisfactoiy solution, although many applications of tluMii have been 
suggested A number of tlu'se may ho hiielly (liscussed. 

Gas Mantles and Electric Filaments.— An ordinary incandosceiit 
gas mantle contains about OS-1 0 percent of eeiia, Ce()_„ and a f(*w tenths 
of a per cent, of gliieina, (IK), and alumina, Al,().^, the remainder being composed 
of thoria, ThOjj. In mantles designed for use with higli-iircssuic gas the 
percentage of ceria is increased and may reach the value S per cent. 

As has been already mentioned, the annual conbumptioii of ceria in the 
mantle industry is very small To an even .smaller extent “didyniia” is also 
employed. AVhen inaiitle.s aic reijuiied to he marked they aie stain])ed, jnst 
before the bnniiiig-olF process, with a solution of “didymium ’’ nitr.ile The 
mark then appears on tin finished mantle as a pale brown, permanent 
coloration. 


* See Kaye, X-Ilaus (Loiigmaii.s k Co., 1914), and the papeis cited iii tlic next for)tnole 

a Moseley. Phi/. May , 1913, (vi ], 26, 1024 , 1914, [vi J, 2y,70i, Mulmer, ibid., 1914, 
[vf.], 28, 787, Rjdbeig, ibid., 1914, [vi 28, 144, de IJioglie, Coinjit rend., 1914, 159, 
304. 

■* Erroneously refih’red to as holmiura lu Moseley’s paper. 

* Foi furlhci mfoi Illation on tliisttopic, see Bohiii, ('hem Ind , 1913, 36, 120, 153, 189, 

232, Die Verurmiung der seltcnrn Erden (Veit, Lcip/ig, 1913); Dammer, Die chemische 
Tei'hnoloyie der (Stuttgait, 1910), Vol 1 p. 5n0 , Kelli'iinann, Die CcritmetaUe und 

ihre pyrophoren L*yierunyen{\{\\\\Yp, ITalle, 1912). 

^ Stem, Zeilsch anyew. them., 1913, 26, 806. 



THE RARE EARTH ELEMENTS. 


313 


There is a small (Icmiind for yttiia iii connection with the nianiifactnie of 
Neinst lainiis In these l.imps illumination is pioduced by passinj: an i*h'ctric 
cniii’iit thioui^h a Idamtmt comjioM'd a nnxtuie of ri'tiactoiv oxides, of 
which yttria, Llioiia, and /iiconia an* the most suit.ihle I'oi the pm{iose ’ As 
a source of X Itii.i the H;.idolinite deprisits found at Hill, Ll.iiiot’o., 

Texas, aio utilised 

Alloys. The ])ioduction of misehmctall, an alloy of the metals of the 
cerium ^loup, has bt en mentioned eailier in this eh.iptei (p. ’J.h)) Owing 
to the gieat st.d»ilit\ of tot* oxides t>f the laie eaith elements, thesi* ehuiients 
and certain ot then <dlo\sfoim \. doable i educing atients. Misehmetall and the 
cerium magnesium «dlo\s ha\e been es[)eciall\ mentioned in this (onneetmn “ 
The lenitioii tempeiatuie of ceiiuminaii is xeiy low'. Fiiithei, niimeious 
allox s iieh in eeiiiim aie haid and buttle, so that when sLiuek with haid steel 
small pai tides of the alloys are detached and at the same time heated 
sullieieiitly to cause them to ignite These .dloxs aie usually e. died pMophouc 
alloys, the pieiiaiation and uses of many of them aie protected by patents. 
They may be jirejiaied eitlu'i from etuinm oi from misebmelall , tlie alloys 
containing .‘U) per cent of non (niekel oi cobalt) liaxe been pai t leiilarly 
speeitied by Auer von Welsb.ieli," and alloys with tin, h-ad, /me, (admiiim, 
silicon, titanium, etc, have also beon ]»atenled ‘ The alloxf^aie used in the 
maiiufaeture of automatic eigaiettc-lighteis, g.is-lighteiH, etc It has also 
been proposed '' to uUlist* them as aie lamp ehatiodts, luthei alone or as the 
eoies of carbons .\eeoiding to Stein,*' -00 Ions of ceii.i an* utili'«ed annually 
in the pioduclion of pviophorie allovs" 

Accoiding to Iliiseh,*' reiium-magnesium allovs iicli in (‘(‘iiiim foini 
exc(‘lleut llashbglit powders'-' 

It has l»e(‘n cl. limed that the intiodiietion of 0 2 jau eimt of eeiiiim into 
abiiuiniimi gieatly impio\<‘s the meehanie.il piopeilu's ol the metal 

Arc-lamp Electrodes.— -'rhe ineoipoi.dion of eiMium i-omixuimls, par- 
tienl.irlv ceiium lluoiidc*, into the eaibons us<h1 :is aic-l.imj> c*l(‘ct io<les is 
the subject of various patents It is claimed tliat a very intense light is 
theieby obtained .iiid the are bums evenlv and rpiietly. One im])i(*gnatnig 
iiiixtuie j)io[)Osed for the pin pose coiit.iins fit) jxt cent, of the mixi-d molyb- 
dates and timgst.ites of the eeiinm giouj), 20 pei cent of the conesponding 
iron salts, aiul 20 jier cent of the tluoudes of the emsum giouj) 

.\ceoiding to Stem,'’’ 300 tons of eeua aie consumed annually in the foim 
of tlnoiide foi imjiiegnating aic-light eaiboiis 


1 S.'c En<f i‘iit , 1898, No 

■* Stc pp 231, 37y, aiul Muthiimm .ui.l I'.m-K, imwhn, 1901. 331, 46 , Iliisdi, ./ /mi. 
Kmi ('hem , 1911, 3, 880 , TmiK A.mt hlfho h> m , ion, 29, 97 , Wushiim] Aichol, 

Annnhn, 190.'), 337, 370, Kt llcinunn, Ihr vei ihic Lfifinunqen 

(Kiui])]), Halle, 1912) , Esealts iKlt P., lir.,S20 (190.3) 

' Auci vnii \Velsl)acli, D.It J\, 191,807 (19u3) , /’//</ /’c/ , 16,8911 (19u:i) 

^ See, e q , Em, Pul , 27.341 (1908) , Ft Put , 439,098 (1912) 

^ See Enq. Put , 1909, Nos 8190 ami 8191. 

*’ Stem, /or. n/. _ i-i I 

” For further iiifoiniatioa on these alh)}s, s«*i' Ivell«'im.iini, o/nis tit , ONcn, Pohjtech, 
Em, , 1914, 14, 24 
“ Hnsch, liK nf 

« ty. Enq. Pat , 14,692 (1908) , I> R P., 158,215 (1108), Fr Pat , 403, <22 (1909) 

By adding < eiiuiii lluoinle to the ch-etiolyte ••inpluyed 111 tin* jnejwnition of aliiininiuiQ, 
" Baith, Metalhirait’, 1911, o, 261 , Ih.ieh* ts and Baith, D R.P , 240.481 (1912) 

See, r 7 , Enq. Pal , 21,371 (1909 , F, Put , 414,707 (1910), 431,010 (1911) 

Stem, loc Lit. 
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Cerium Glass.— Tlie incorporation of coria into an orliuary colourless 
soda glahH rosnlts in tlie piodnclion of a j^lasa that lias at tlio most a faint 
yellow tiniri*. It is very tianspareiit to luminous rays, hut cuts off jnactically 
all the ultra-viol(‘t and about 30 per cent of the heat rays. By introdmung 
other special ingiedients into the ceiium glass, a valuahle senes of glasses 
has been [irepared by Crookes.^ The compositions of the mivturcs emidoyod 
in their pieparation are given in the following table (tho “raw soda flux” 
has the composition, sand 61 00, anhydrous sodium carbonate ‘jr> .fjO, sodium 
nitiate O'OO, ealeium c,irbonato 7‘20, borax 0 75, and arsenious oxide 0 55 
per cent, and tho “fused soda flux” is obtained from tho raw' flux by 
fusion) — 


_ 

1 

— 







_ 


__ 


1 

2 

1 

4 

5 

G 

7 

8 

9 1 10 

11 

12 

Raw soda iliix . 
Fused s-ida 11 ux 

00 00 

87 56 
89 75 ' . 

83 b 

79 00 

so 0 

1 

;77'0 

'230 

92 00 

1 

94 60 '88 17 

88 00 

72 60 

Ce(NOj\ 611.0 
CeMO, 

8 1.1 

8 18 

b 00 

17’0 

20 ,50 

ri-1 

6 ‘30 

4 72 !l0 00 

5 00 

24 90 


NiSO^riloO 

0 07 


... 


0 30 



1 • 



Co SO, 7II.0 
FeSO, 711:0 



3 00 


0 0 :. 

... 



0 08 0 0 5 

1 

1 1 • 1 r 


CiiSO, fiH'.O 

• 


2 03 

... 



... 

... 

i 

lit) 

2 10 


. . 








1 oo 

* 1 50 j 



Cr .203 . 


0 09 

0 80 





0 06 

0 10 


NiO 



0 09 





0 01 

0 30 

! 

0*10 

B-jOh . 

1 80 




0 15 

6-6 



2 75 

UO 3 . . 



0*55 





0 30 




Ihe next table gives the tints of these glasses, the pi'reeiit.iges of heat rays 
absorbed and visible ra\s tiaiismitted, and the wa\e-length bevoud which tho 
ultra-violet is absoibed : — 


No of 
Glass 


1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 


Tint of Glass. 


I’alo yellow 
I'alo gieenibli-ypllow 

M M 

Almost coloiuU'ss 
Pale neutial . 

Palp yellow . 
Almost ooluuilcss 
Palegtcen . 

Datk iieutial 
Veiy pale blup 
Pale gieonish -yellow. 
Palo blui&li-giceii . 


Heat Rays 

LumiiKMis Hays 

Ulll.l- Mulct 

Absoibed 

TiaiKsmitlcd 

Alisui l)i'd. 

Pei cent. 

Pei cent 

lioin 

37 

73 

A3ijl3 

63 

54 

3700 

38 

48 

3680 

27 

99 

3650 

41 

45 

3700 

39 

60 

3685 

31 

71 

3610 

29 

71 

3620 

47 1 

30 

3550 

61 

63 

3560 

25 1 

74 

3685 

47 1 

1 

45 

3680 


The preceding glasses arc»of considerable value for the construction of 
spectacles Glass 10 is fairly tiansparent and does not perceptibly alter the 


» Ciookcs, PAU. Trans., 1914, A, 2 x 4 , 1 ; Chem. Aeics, 1914, 109, 265, 277, 289, 301. 
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colours of objects viewed tbroujxh it; since it cuts off 51 per cent, of the heat 
rays, it is well adapted for making spocliicles foi those employed in glass 
works. Glasses 1, 2, 5, and 6 aio good ahsoiliers of iiltia-violet rays, 
numbers 1, 4, 7, 8, and 11 aie the most tiansparent to visible i.i\s, wliilo for 
glare-reducing spectacles numbers 3, 5, i), 10, and 12 arc eminently suitable. 

Tanning*. — It has long been known that eeitam alummium, iron, and 
chromium s.ilts are capable of comertmg liidfs into leath(*r, and chiome 
tanning is of considerable impoitanee Aceoidmg to (Jarelli, sails of cerium, 
lanthanum, and “didymium” have tanning ])ro)H'ilies similar to those of 
abirnminm salts, while eerie salts are paiticiil.u ly well adajitisl l»)i the ])roces8 
of tanning. Pareilzo agieos with Gaiellis views, hut Kitncr is of the contrary 
opinion ^ 

Photographic Uses. — A solution of eenc* sulphate m dilute siiliihiiric 
aeid has a certain limited application m photography .is .i redneer of over- 
developed negatives, its action being even and lapid “ Ciaie salts lia\(‘ alxo 
boon incorporated into pliotogi.ijdiie emulsions for pigment pi nit mg I’he 
printing pa])ei is coated with an emulsion piepared b\ adding tbeeeri(‘ salt 
to a colloidal solution of albumin m atpu'ous ammonia, sodium eaibonate, or 
boiax. 'riie paper, which is very sensitive to light, is exposisl m the usual 
w.ay and developed in a suitable solvent for tlii‘ albninm, e ij. acpieoiis 
ammonia, sodium carbonate, or potassium oxalate'^ 

Dyeing. — Gomim compounds have beiai at limes piopoM'd as iiiuidants, 
eg. in dyeing with ali/arin They do not, bo\\e\ei, appeal to be used ‘ 

Rare Earth Catalysts. — The crude mixture t>i’ b.isic snlphates of the 
ceiinin group has hcmi proposed as a snilahle ealah tie agent for use m tho 
conta( t juocess foi mannfactnimg snlphniic arid Th(‘ im\tnre is said to be 
more etlectivo than the piiio cenais compound The .i|)plieati()n of the oxides 
of the ra|p (Mitli elements to the same jirocess has also been jirojiosed ^riioso 
proposals do not, bowoxer, ap])ear to be of much ])raetie,il \alne (leiiiiin 
nitiide js said to hasten eatalytieallv the union of niti(>gen .ind hydrogen, 
and its use in the piodiietion of synthetic ammonia has been patented 

(leions sulphate is said to form an exeellcnt cutal\st for use in the oxida- 
tion of aniline to aiiilmo black " 

It may also bo mentioned that ociia has been jiroposod as a suitable 
substitute for platinised asbestos m Deimstedl’s method for the eombustion of 
organic eom])Oimds 

Oxidation of Organic Compounds. — Smec* eenc salts arc readily 
rcdiieed to the cerous stale, they may be utilised as oxidising agents It is 


1 fiaii-lli, AttiR Accad Linm, 1907, [\ 1, l 6 , i 532, CuUr,jiuw, 1912, p. 418 , J Snr. 
(hem. f)i(f , 1912, 31 , 830, Pdieii/o, 1910, p 121 ; J So( ('/tnn Ind , 1910, 

29 , 579 , Eitner, (in her, 1911, 37 , 199, 21 1 , J S(» ('hem, Ind., 1911, 30 , n‘2f<. 

" Liiiuk'-K'. Bull. Sor franr. Pholmf , 1900, 16 , 103, buinii-ip bios uiid Seyewotz, 
Momtenr Stient , 1901, I5i 109 See also Jhit. J Pludnq , 1900, 47i , 1901, 48 , 694 ; 

and Enq. Pat , 470 (1900). . 

J Gateau, Fi Pat, 380,188 (1907), Enq Vat, 20,740 (1907) 

« See Witt, Chem Ind , 1896, 19 . 150 , ■/ Enc Chrm Ind . 1896, 15 , 580 ; Matacliak, 
ibid., 1898, 17 , 1.50 , (Jiiehii), ihid , 189'', 17 , 577 

“ See 7 ;?i 7 Pat , 1385 (1901) , Fi Pat., . 120 , "21 (1903) , and Phirldemann, Inaugural 
J)n'>f’rtation {Vicrhu, 1907) • 

c Kiinlwim k Go , IKIl P., 276,980 (1913) 

’ Kiuis, Pingl pnh/. J., 1874, 212 , 347, buliiig, ihul , 1879, 231 , 77 , but r/. Witt, 
lac. cit. 

® Bekk, Ber., 1913, 46 , 2571 , Miss M. Reimer, J. Amer. Clum. Soc,, 1915, 37 , 1636. 
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Mid for instance, that crude ceric sulpliate, in tlie presence of snlpimric acid, 
8 an efticient oxidiser of aromatic hydiocarbons, coiucrliiif' them into 
aldehydes, qumones, etc, ey toluene into beiiaildchydo, aiithraeeiio into 
antliiaquinoiio, etc* ‘ 

• tk^^****^*”?* Uses.— Cerium is used to a limited extent m tlierapeiities 
n the form of ccroiis nitrate, cerous oxalate, and other organic salts it acts 
like hismutli as a sedative and is said to be of v.diio iii tlie tieatiueiit of 
sca-sickiio.ss, prepaiicy-sickness, dyspepsia, and pastiie ulcer. The medicinal 
use of ceiiuni salts is not, liowever, in very groat favour - 


I Sec , 158, C09 (1905). 

“ Sec I'Mt Vh! , 5328 (1884) , J. Sor. Chrm hid , 18S!I, 8, 301 , anil Ciisliny Tixl hmk 
(Ohuicliill, 6tli «!., 1910); But. Vlmriimwiitaal 



CllAlTEll XL 

THE RARE EARTH ELEMENTS {rnn(inue.i). 

SkPAHA'I IO\ AND PuilFK’AnON. 1 loMOCKMil I'Y. 

Dkikci'ion and Estimaiion 

Choice of Material.— Mona/Ilo m the foim of mona/itc sand is tlic most 
iibiindaiit of tlio laic earth niinei.ils Vitv large ([uantitios of tins material 
aic worked up annually in conneelion with the gas-mantle mdiistiy. For 
the maimfactiiio of mantles the thoiiuin proM'iit in th(‘ sand is its most 
valuable constituent, veiy little of the cerium and “dulymuim" pri'si'iit being 
reituiied ' Vccoidiiigly, e\(‘n when the lesidiial salts oi eeiium, lanthanum, 
etc, .lie w'oiked up for the piodintion ot pyrophoric alloys, etc, largo 
(juantitios of them are left ovei, and when it is tiossible to obtain them 
111 bulk they constitute the most eonvenient souiee of the laio eai tlis from 
th(' point of Mew of the seicntdic imestigator Since, howoMU, monazito 
sand seldom eontams more than one or tw'o per cent of crude yttiia, and 
fie<iuentl\ contiuiia less tlian one pel cent , it is ohsioiis that vciy consider- 
able (|u^ntities of moiia/ite ii'sidiies are neeessaiy to obtain a leasonable 
supplv of the eaitlis of the yttiium group, but when tliey are avail.iblo tliey 
constitute an excellent source of samaiiiim, g.idolinium, ouiopiiim, terbium, 
dyspiosivim, and holmium.^ In smallei (piantitics they constitute the 
che.ipest and most conxenient souice ot cciium, lanthanum, piaseodymium, 
and neodymium Commercial ceiium oxal.ite and “ceiiiim ovalicum 
mcduinalc" aie essenti.illy m<»n.i/ate lesidues, and wlieii calcined jicki 
mixtuies of oxules cont.iining about lifty per ccMit of eeiia - 

With regard to tlie other laie eaith minerals it may be said that the 
crude “eibia” of the oaily chemists * is most abundant in \enotime, euxenitc, 
samarskite, and ceitain Xoiwegian columbates, while diHeient samples of 
gadolinite vaiy coiisideiably in then “ eibi.i "content ,* that sainaiskite is com- 
paratiNcly iich m the c.irths of the teibium group , that the gadoliniti* earths 
me rich in yttria and “ytteibia ’ , ami that the element ('eltiiim, concerniug 
which very little is known, occiii-. in gadolinite but not in xeiiotime 

Extraction of the Rare Earths from Minerals. -The rare earth 
dements are readily sepaiated fioin the other elements with wliieh they aro 
associ.'ited in nature by taking adxantage of the fact that their oxalates are 
practically insoluble in dilute mineral acids. It is only neeessaiy to obtain 
tlic larc earths in solution as the sulphatc.s, nitrates, or chloiides in Iho 


' .lames, J Amn f'hcm Hoc , 1913, 35 , 2i5 , .fcimps and (hunt, ihid.. 1!MG, 38 , 41. 

Bolirn, Xcihch (nigt’w. Chein , 100‘J, 15 , 372. 

^ / r. ju’ioi to 1878, Sec the histoiif.il s»vtioii in the picccding cImjiU 1 (p. ‘ 221 ). 

^ .James, J Amer f^lirm Sf>f , 1911, 33 , 133*2. 

° Uibain, Compt. lend., 1911, 152 , 141. 
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prcsoiice of a alight excess of mineral acid, and then, after saturating the 
solution witli liydrogoii sulphide, if necessary, and removing the precipitated 
sulphides, to add a slight excess of oxalic acid. The piccipitatcd oxalates 
separate at fust in an ainoiphous form and “ball up,” so that warm solutions 
should he used and the first portion of the piocipitatc vigorously shaken until 
it assumes the erystallino form before the lomaindcr is precipitated. The 
amorphous precipitate rapidly becomes crystalline and may then be filtered 
and washed very rearlily On ignition, the oxalates leave a residue of oxides, 
t.e. the laro eartlis themselves. 

Most rare earth minerals contain thorium^ and fiequently curmui/ia is also 
present The former is precipitated as oxalate with the rare earth oxalates, 
but the latter remains in solution, since its oxalate is soluble in oxalic acid 
and in mineral acids 

The precipitated oxalates arc liable to be contaniiiiated with small 
quantities of iron, aluminium and calcium oxalates, etc., and, when rnonazite 
or xcnotime has been employed, with small amounts of phosphates Accord- 
ingly, the oxides deined fiom them by ignition ortho hydroxides obtained 
by boiling them with sodium hydroxide should be dissolved in a slight excess 
of nitric or hydiochloric acid, and the precipitation with oxalic acid repealed. 
The alkali and alkaline earth metals may lie eliminated by piceipitatiiig the 
rare earths as hydroxides wuth ammonia, Imt this is not veiy coiivonieiit on 
a large scale. 

Aliy remaining impurities usually conccntiato in the most soluble fiactions, 
when the rare earths are subscipicntly separated by fiaetional crystallisation. 
Being then coneentratod into a small portion of the initial rare caith material, 
their complete removal offers no diflieiilty. 

The metliods that may be employed for opening up laio earth minerals - 
arc as follows. 

(i.) Decoinpimtion with Concentrated Sulphuric Acid , — Tins answers well 
with the minei.ils ceiite, gadolinitc, oiUiite, moiiazitc, and lesehyiiite Cirite 
is finely powdeicd, moistened with water, stincd up into a jiasto with about 
two-thirds its weight of concentrated sulphuric acid and heated Tho 
temperature IS gradually raised until finally at a dull led heat theie is left 
a residue of anhydrous sulphates. Tho residue is cooled, pulveiised, and 
slowly added to ico-eold w'ater 'I'he other silicates and yaduhnite may 

bo Bimilaily treated, though gadolinitc is usually decomposed by heating it 
with concent lated hydrochloric acid or aqua rcgia. 

Monnzite mud lequircs rather diflerent treatment. It is tii'ated with tw lec 
its w'eight of sulphuric acid, and only heated to It is lu'cessary 

to leave a certain niimmum amount of sulphuric acid in the residue in older 
that when it is added to w’ater the phosphates of the rare earth elements may 
be kept in solution The mixed phosphates dissolve readily when the residue 
is stirred slowly into an excess of water, which need not be cooled below' the 
ordinary temperature. 

AUschi/mte^ is very finely ground and heated with sul])huric acid until 
excess of the latter has been expelled The residue is dissolved in ice-cold 
water and, after twenty-four hours, the liquid is dccant(‘d from tho residual 
titanic, columbic, and tantalic acids, etc. 

The liquid is treated with excess of ammonia to eliminate the considerable 
quantity of calcium present. Tho washed precipitate is dissolved in excess 


^ Urbain, Ann. Chim. J'hyB., 1900, [viL], 19 , 206. 
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of concentrated nitric acid and the solution boiled for sc\cial days, inoie acid 
being added from tune to time to replace that lost by ovai)OMtioii The 
iKpiid IS then evaporateil to a syrup and the residue taken up with water. 
After several days the clear lujuid is decanted from the icsidue, which con- 
tains the last traces of titanic, coliimbic, and tantalic acids, and is extiemely 
difficult to lemovc by liltiation 

AV.f' bke leschyiiite, is5 a columbo-tantalate. In order that it may 
be decmiipiised bv sulphiiiic acid it must be veiy finely ground. Accoidiiig 
to .Tames, the mtric acid process just ilesciibed for eliminating the last tiaces 
of the earth-acids may bo omitted 

(ii ) Fuaion H'lt/i Ift/dtot/fin Sul2>hfite — This method was foimeily 

employed to a considciablo extent foi <lecomposing raie eaith mmeials contain- 
ing columbium, tantalum, etc, but it is a Iroublesomo process. tSnj/nti s/itfi', . 
a-sr/if/intf, ('uxrnife, and Jenju^omtt' may be treated m this manner ^’ho 
resifiue after fusion is dissolved m water and treated as abcady desciibud in 
coiiiK'ction with a'schynite 

(in ) Fnxuni uufh Sotitii/n Ift/ditn ule.^— \ arious colmiihntcsi may b(' decom- 
posed by fusion wulh twice their weight of sodium hvdioxide 'rh(‘ pioduet 
is cooled, biokeii 141, and allowed to disinti'gr.iti' in watm* It is then acidi- 
fied with hydiochloiic acid, heated, and the columbic acid, etc, lemoM'd by 
tiltralion 

Xniofnnc (^tti'ispai) may also be decomposed by this mi'lliod The 
prodiK t IS boned with WMter and filtered The residue is then dissohisl in 
hydiochloiic acid ^ 

(iv ) J)fromp(isition With llythojluortc Aad ^ — This is an excellent, but 
rather expensive, method for the deconi])o.sition of columbates and tantalateR, 
og sftina) '^hte, ffr>iuMnute, eu.tmiU\ (tM/tynitr, etc. Tlie miiKual is powtlered 
and waimed with a<picous hydiofluoric acid. Columbiiiin, tantalum, titanium, 
ziiconiuiff, tungsten, etc , pass into solution and tin' laio eailhs are converted 
into insoluble fluorides The latter aic hlteii'd oti and coiiveited into 
the neutral sulphates by heating with suljilmiic acid the oxalati's aie then 
obtained m the usual manner 

(v ) Deronijinsititni by Di^ulidun Du hho idf ' — hose i<ne eaith mnicials 
that contain columbic, tantalic, titanic acids, etc., as then acid components 
are leadily dccomposi'd when heated in a stieam of the va])our of disuljihur 
dichlniide, S,(.M, The chloiide.s of the rare earth metals, etc , remain behind, 
and the ^olatll(' chlorules or oxychloiides of columbium, tantalum, titanium, 
tungsten, etc, distil ovei with the excess of disulphiir dichloiide. Tho 
method worLs excellently with snm<u sJrit<'y Jinyustnufr, frarhi/jiitCj and < uxniite. 

Separation of Thoria from the Rare Earths - It was mentioned 
in the preceding section that the laie earth oxalates cxti.u’ti'il fiom a mineral 


^ Juinob, J. Avv r. Chein Sor , 1911, 33 , I'l.SS. 
vSi-e Nilsoii, Jier , 18b0, 13 , 1430 , Kniss and /.V/., 1887, 20, , Jaiiirs, 

J. Avier. Chem Sor , 1911, 33 , 1336. 

® James, J. Amrr Chm. iiu( , 1911, 33 , 1330 

* A somewhat snuilai proccduu*, vi/. iusion with hodium cAih(»iiiiLe, is ippciimnnidod by 

Uihjvin {Ann Chim. Vhys , 1900, hn 1. 19 , -OU) f<'i tin* (;f mmifcitc 

® Roscoc, Bcr ISt'iJ, 15 , 1274 , Lawn lire .Sniilli, ('brni Aews, 188.1, 48 , 13, 29, 1885, 
51 , 289, 304 , James, toe iii , f/ Wolcott Gibhs, Amii J Sd., 1804, [ii. J, 37» 

* Uranium, when ])iO‘ent, eg in suniaibkito, tfccumjunics the nm* eaillis up to 
this point 

’ W. H. Ilicks, J Amet. Cluvi. ,SV., 1911, 33 , 1492 , cf. Ballot and Cliau\enot, Covipt, 
rend , 1918, 157 , 1153, fur a sinnlai melliod, usiin; cuibunylchloiide, COUh, ua luageiit. 
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frequently contain more or less thorium oxalate.^ It is thcrcfoic necessary 
to discuss the metliods by whicli the thoiium may bo eliminated.- 

(i ) The Ifydroiien Ptioruh' Method (Method of \\ Moubofl and Vornciiil).® 
— This methofl is liased upon the fact that from a iumiLkiI oi slightly acid 
solution of the nitrates of thoiiiini and the raic eaitli metals, thorium is 
completely piecipitated by hydioj^en peroxide m excess The precipitate is 
white and voluminous, and has a composition expressed hy the formula 
Th.,()^ lIjO The preeiiutation sliould t.ike place in a solution containing 

not more than two paits of thoria per 100 of solution , the solution should bo 
heated for a few minutes to 85“, the piecipitatc allowed to settle, filtered, and 
W’ashed with hot water 

When little thoiium is present, associated with much cornnn, etc, the 
preci|)it<ition of the thoiium is complete, but a little cerium piuoxifle is eo- 
prccipilated On the other hand, when the thoiium is m c^ce^s, tin* pre- 
cipitate IS not contaminated with cerium, but a trace of thorium remains in 
solution 

Til ajqilMng the peroxide method on a huge scale, it is ad\isablc, fiist, to 
clfect an initial concentiation of the thoiium, lu'vt, to i(*mo\c the tlioiium 
by hydrogen peroxide, and, finally, to unite tli(‘ lan* eailhs in the filtrate 
from the peioxidc precipitite with those left oviu in inilially concentiating 
the thorium. The procedure recommended by Wyioulioff and Verneinl is 
as follows — 

The piccipitalcd oxalates^ au* w’asbed, healeil with 10 p(‘r ermt sodium 
carbonate to conveit them into oaiboiiates, and sodium h\dro\id(‘ .idded to 
precipitate all the thorium that iiasses into solution The washed preeijnlate 
is dissolved 111 the mnnnium of lixdroelilone acid, an<l a snspimsioii of baiinm 
peroxide is stirred into the solution a little at a time until a sample of the 
clear lapnd no longci gives a jneeipitate with ]uiie liydiogen pinoxide The 
filtered lupiid I'ontains the hullv of the laie earths, fie(‘ from thoiium , the 
precipitat(‘ contains all the thoiium, eonlamin.ited with 20 to .'U) jior cent of 
other earths The precipitate is WMshed, disMiUed in cold hyfliochloiie acid, 
and the harnim removed hy a slight excess of sul{>hniic aeid The filtmed 
solution, wdneh should not contain moi<' than 15 jier cent, of fieu acid, 
IS treated wuth oxalic a<*id, the ])reeipitated oxalates thoroughly washed, and 
then treated with a X'cry conccntiated solution of ammonium eaihoiiate (to 
which sutlieieiiL ammonia has hecui added to scenic a solution of llu* normal 
carhonate) The thorium oxalate jiasscs into solution completely, together 
with about 7 per cent of its weight of raio eaith oxalates Tlic lesidnal 
oxalates aie free from thorniiii. To obtain the rare earths still associated 
with the thorium, the cold filtered solution is decomposed h\ the adilition of 
sodium hydroxide, the piecipitate thoioughly washed hy decantation, and 
dissolved in the minnnum excess of cold nitric acid Tlie solution is diluted 
and the thorium removed hy tieatmeiit with exeess of hydrogiui pc'roxide 

' See also tin- section on “ Occiu reiice ” in f’liap X. 

2 No iittcnipL will be miule to discuss the puiificalion of thoiia; for tlut tlio rc.idei is 
ijofcncd to Vol. V. 

3 Wjroiilioir and Vcineiiil, Bull ,So< dinu , 1897, |iii ], 17, 679, 1898, 19 ‘219, 

Co7)ijit 1898, 126, 310, 127, 412, Ann Chim rhya , loO.', fyiii 1, 6, t 8 l , </. 

Cleve, Bull Sor. chim., 1885, [ 11 .], 43 , .53 , Lcrotj de Buisbaudiun, Lomi't inui , 1885, ZOO, 

505. 

^ In woiking up ceiiuin miiieiuls ooulaiuing a few per cent, of tlioiiuin, the Utlci is 
completely prccipituted when sufficient oxalic acid is giadiially added to the wcll-stiiicd 
acid solution ot the sulphates to precipitate one-half of the luie eaitlis picsent. 
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All the filtrates containing rare earths devoid of thorium are united, and 
the raie earths prcripitatcd with oxalic acid in a slightly acid solution 

(ii ) The Arnmnninm Ouatate Meth<n{ (Bahr’s Method) ^ — The mixed 
oxalates are treated with a hot comientrated solution of amnionium oxalate, 
in which thorium oxalate is readil}^ soluble The separation of a little 
thoiiuni oxalate from excess of rare earth oxalate in this manner requires 
several repetitions of the treatment, and is not a sharji sep.n.ition, for 
notable (pi.intities of the lare eaith oxalates dissolxe, p.ii tieularly the oxalates 
of the yttrium gioup This method has been emjiloyi'd eommeieially. 

(ill ) The ThifMilphate ^fetho^^ (Method of (yMi)deimis) - - A dilute, neutral 
(or slightly acid) solution of the chlorides is boiled with an excess ot sodium 
thiosulphate, when basic thorium thiosulphate h preeipitided This method 
IS freipiciilly employed in the separation of small amounts, e y. in analytical 
chemistry (see later, p 371) 

(iv.) The Sehacic Actd Mttfujtl ’-—A slight excess of a hot, concentrated 
solution of scbacic acid is added to a boilnur, neutial or faintly acid solution 
of the mixed nitiatcs Thoiium sebaeate is precipitated, filtered, and washed 
with hot water 

Scbacic acid may be jirepated fiom castor oil 

(v ) The Lead CtufunKttt Mtthod ^ A dilute and ncaily neutral solution 
of the nitrates is piepaicd, and an exei'ss of puie, moist, pieequlated lead 
carbonate IS stilled into the solution The solution is allowed to stand for 
some Imurs, with occasional shaknig The thoiium is i ompletelv juccqiitated, 
together with zirconium and any e(‘iium piesont as eerie nitrate 

(vi ) Other Methods — it has been ])roposed to precipitate the thorium 
pr(*scnt by means of sodium a/ide,'' oi as the fumaiate," meta-nitioben/oate,'’ 
pyrotartrate,'^ lod.ite,*'* pyiophosphate,’’ livfiophosjihale,’® etc 


' H.ihr,f4)m«'A'ii, 1861, 132 , 227, nmiscii, Pn.iQ Ann>din, 1S75, 155 , 380, (Jl.isn, 
Amn ('hem *SW , 1806, 18 , 78J , llintz and Wclx'i , ds/ // tnurf ('hrm., 18li7, 36 , '27, 

213, 676, Pib.iin, Anu ('nun Vhm , 1900, (mi ) 19 , 181 

( liNdciiius, roqg Annahn, 1S63, II 9 , 46 , lleiiiiaiui, J. jmiU < hem , 1861, 93 , 106 , 
niossli.u li, aiiijew Chem., 1901, 14 , 6.')5 , llaiisei and Wnth, ibid , 1909, 22 , 484 ; 

Hint/ iind W(1 km,/o^’ eif , (JIrmt, / or ai., and (’h^m Zed, 1896, 20 , 612, Johnstone, 
J. Hoe (Axm bid , lOM. 33 , r>.'» 

'r 0 Smith and C. .laiiios, J, Amrr Chem Sor , 1912 , 34 , 281 Scf* also Kiiolhi, 
D R /’., 26r,,4r»9 (1912) 

* Giles, Chem Xeu^t, 19(>r», 92 , 1. 

® IleiKc, if it IS not dosiird thatany Cfiiuin should In* pin qalatrd, luio must he taken 
to ensuip the abM-nce of ceiic uitiatc Foi ]iui|iom‘ the <hluic solution may he saturated 
with hydiogen sulphide, and tlie excess ol gas K’niioed by boiling, or sul[phuious acid may 
be used 

® Dcumsand Koitnght, Chem d , 1894, 16 , 79 , Drums, Amer Chem. Soe., 

1896, 18 , 947 , Wyonib 11 and Veinriiil, loc nf 

’ Met/gii, Amu Chem Sor , 190 J, 2 J, !»01 

® NeiNli, ibid , 19i>4, 26 , 780 , Kolb ami Aliih', Zedsih aiignr Chem., 1905, 18 , 92, 

® Smith and James, ./ Amer Chem .S’ik , 1912, 34 . 

R. J. Me)rr and Speter, Chem Zut , 1910, 34 , 30o , H J Meyci, Zeits^h anorg 
Chem., 1911, 71 , 65. 

Carney and Campbell,./ Amer Chem Sor , 191 1, 36 , 1134, ami J) R R , 286,087 (1914). 

Koss, Chem Zrd , 1912, 36 , G 8 C ; Rosmlicim, ibid , 1912, 36 , 821 , Wiilh, ibid , 1913^ 
37 , 773 , n.R r., 268,866 

Lecoq de Hoiihaudiaii C»mp( trad , 1881, 99 , 52.5 . Uihaui, Itufl Sut,. chim , 1890, 
I 5 » 338, 347 , Ann Chun /'hi/b., 1900, fvii.], 19 , 184, .Schiit/iMihcigri and lioudou.ird, 
Comvt tend , 1897, 124 , 481 , Ghav.istidon, ilvl , 19<if), 130 , 781, Giossmanii, Zedsch.^ 
anorg ( hem , 1905, 44 , 229 ; Batf'k, ibid., 1905, 45 , 87 , Muthinann and I3aui, Her., 1900, 
332 , 2028 ; Mibs .lederson, J Amer. Chem, Soe., 1902, 24 , 540 ; Haitwell, ihrd., 1903, 25 , 
1128; Smith and Jame.s, ibid., 1912, 34 , 281. 
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Should any trace oF thorium be left with the rare earths after one of the 
preceding methods has been u->od to etfcct its removal, it will be subsequently 
found in the most soluble fr.ictions of the yttrium group if the separation 
of the earths is coinnicnced by the double sulphate method, using sodium 
sulphate as precipitant, and the general procedures given later are followed 
(see p. 357). 

Sepahation of tiih Hare Eaiitii Elements from One Anoiukr. Meiiiods 
Availaiilk. Frac'i IONA 1 ion Control of P^iiAfiioNATiON. 

The preparation of pure coiia from a mixture of rare earths is a com- 
paratively simple operation that may be carried out by methods closely 
resembling the ordinary analytical methods of .sep.initiou The preparation 
of any other rare earth, however, is a tedious process, the ordinary methoils 
of separation being unavailable. In the following account the natiiie of 
the separation processes is lirst outlined, and an indication given of the 
manner in whicli they arc applied in practice. The actual [iroccsscs arc tlicn 
enumerated and the application of the more useful of them briefly outlined. 

Methods Available. - In ordinary analytical chcmiNtiy the pioblcin 
of separating the metals present in a mixture is acconqdishcd by con vei Ling 
each in turn into an insoluble or volatile compound to the exclusion of those 
accompanying it. Each separation may thus be eflcctod completely, or 
almost completely, in a single opeiation. In the ease of the raie earth 
eleincnls, however, the most that can bo done in one sindi opeiation is to 
eftect a partial sepaiation, i e to divide the primitive mi.xtuie into two parts 
containing the r<iio earths in dillercnt piopoi lions. Tlu'se two ])arts have 
then to bo fiirtlior subdivided, and the pioccss of subdivision cauied on for 
a very long time, portions similar in composition luMiig united at appropriate 
intervals. Such a method of separation is spoktui of as a fractionation, 
and the various paits into which the initial mixture is divided are tcimed 
fractions. 

The methods of fractional loii, which most closely resemble the methods 
, of ordinary analytical chemistry, arc as follows ; — 

^ (i ) Fractional volatilisation. 

(ii.) Fiactional decomposition of salts by beat. 

(ill ) Fractional precipitation. 

1^'actional volatilisation has so far only been employed in eflTectmg the 
partial separation of ytterbium and lutecium, and need not be further 
discussed. 

The methods of fractional decomposition and pieeipitalion were much 
employed by the eaily workers on the rare eartlis The former is of little 
value exce])t in one iiLstanco, the decomposition of the nitrates of the yttrium 
group, both exploit the fact that the rare earths, although all fairly strong 
bases, exhibit slight differences in their strengths In the case of fractional 
precipitation the results obtained also depend upon the relative solubilities 
of the sparingly soliiblo compounds that arc precipitated , in most cases, 
however, the solubilities of these compounds do not differ widely among 
themselves, so that the iiilluence of solubility is of very little account. The 
weakest base precipitates first and the strongest last This holds good 
whether the rare earths are separated by precipitating tho hydroxides, basic 
salts or normal salts; for exiimple, the yttrium compound is tlio last to 
precipitate, whether the yttrium group is precipitated as hydroxides, ferro- 



r 


'‘the rape earth elements. Sid 

oyanides, iodates, stearates, or basic nitrites. A knowledge of the relative 
strength of the rare earths is therefore of importance foi fractional decom- 
position or precipitation ; the relative strengths have been already discussed 
(P 257). 

The method to bo pm sued in effecting fi actional decompoMtion oi pre- 
cipitation will be evident after reading the description of fiaetional crystal- 
lisation, given below, and the short account of the “ deeomjiosiUon of the 
nitrates,” given latei (p 353) There is little doubt that the piei*i])it.ites 
obtained in fractionating by precipitation arc usually solid solutions or 
mixed crystals. 

Fractionation involves the frequent repetition of the same opeialions. 
It is accordingly very desirable that the technique of the piocess should bo 
as simple as possible, in older to economise tinu', nninmisc the iisk of 
accidents, and pi event the continual loss of small ijuantities of material. 
Methods of fractionation that in\olve filtiations, ignitions, and tedious 
evaporations should theiefoie be employed only in special cases, “fiaetional 
precipitation to be of value must bo very rapid.” ^ In geneial, it is much 
better to resoit to a method of separation which finds no countiupait in 
ordinary analytical procedure, namely, fractional crystallisation ol eone- 
sponding isoinorphous salts from a suitable sohent The salts should 
prefeiably be very soluble in the hot solvent and separate on cooling in 
compact crystalline masses. The most convenient solvent is water The 
only operations involved consist in dissolving ci^stals in mother Inpiors, 
occasionally concentiating the solutions, and decanting mother liquors fiom 
crystals. 

Fractional Crystallisation. — The utility of this method for scp.uating 
the rare eaith elements is due to the fact that the corresponding salts of 
these elements are usually isoinorphous and capable of forming mixed crjstals. 
If two suits arc not isoinorphous, then fiaetional eI}^lalllsatIon pernuts, 
according to circumstances, of the isolation only of the least soluble or most 
abundant of them from a mixture With isiiiiiorphoiis salts, however, it is 
possible, by a sciies of skilfully conductcil crystallisations, to siqiaratc them 
m a state of purity, step by step, in the ordci of tlicir solubilities The 
experimental procedure may be vaiicd somewhat to suit a paiticular case, but 
in general is as follows : — 

The initial mixture of salts (1) is ciy stall iscd from the solvent, about 
half the mixture being left in solution. Ciystals (2) and mother liquor (3; are 
thus obtained and separated. Each in tiiiii is crystallised The er>.stalH (2) 
give place to crystals (4) and mother lajiior (5) ; the mother iKjuor (3) 
becomes divided into crystals (6) and mother liipior (7). Jjiqiioi (5) and 
crystals (6) arc united into one fraction, and this, together with crystals (4) 
and liquor (7), constitute the thiee fructions into which the iiialenal is now 
divided. By further crystallisation, crystals (4) yield crystals (8) and li(jiior 
(9) ; fraction (5, 6) gives crystals (10) and liquor (11) ; and liqiioi (7) supplies 
crystals (12) and liquor (13). The following combinations are then (‘tleeled : 
(9) with (10), (11) with (12); the method being to pour hqiior (13) into a 
fresh vessel, then pour liquor (11) on to crystals (12), and finally to poilV 
liquor (9) on to crystals (10). Resolution into four fractions is thus 
accomplished. The subsequent operations, as well as those just described, 
are sufficiently indicated in the accompanying diagram (fig. 34) In this 


* James, J. Amer. Chem. Soc., 1908, 30, 184. 
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diagram even numbers represent crystals and odd numbers denote mother 
liquors; the arrows indicate how each fraction is subdivided, and the juxta- 
position of two numbers lepresents the combination of two fiactions into one. 

Tlic method of proceedin’' with the work of subdivision should now bo 
clear. By this process the initial mixture is resolved into some twenty or 
thirty fi actions, accoiding to the nature of the mixtuie The first stage of 
the fractionation is then fiiiislied 

During tlie second stage of the process the number of fractions is 
maintained constant. Su])pose, for instance, that twenty fractions have been 
obtained. They are numbered from (1) to (20), beginning with the least and 
ending with the most soluble fraction Each is crystallised (with readily 



soluble substances it is usually best to allow the greatei part of the solid to 
separate out, say, three-fourths of the whole). The mother liipior fiom (20) 
is pouied into a new vessel (21), the liquor fiom (19; poured into (20), that 
from (L*^) into (19), and soon until the liquor from (1) is ixmrod into (2). 
From (2) to (20) the vessels aie heated until the crystals dissolve in the 
liquids, and aie then allowed to cool slowly. Fresh solvent is added to (1) 
for the crystallisation, but (21) is left alone After crystallisation has 
occurred, the previous piocess of decantation is gone through, commencing 
as befoie by pouring the licjuor from (20) into (21) For the nc.\t crystallisa- 
tion a further quantity of solvent is added to (1), but fraction (21) is still 
untouched. 

After one or two more seri3s of crystallisations, fraction (1) has dwindled 
to a very small amount It therefore misses the next crystallisation. After 
the decantation of mother liquors has been performed, fraction (1) is then 
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added to tlic crystals in (2), which thus becomes the new “head" finetlon. 
By this tune, however, tlic accumulation of mother Injiiors iii (21) has pro- 
duced a new fraction equal in bi/e to the others, and from this time onwards 
it becomes the new “tail" fraction and lakes pint in the ciyslallisations. 

By oporatiiu' in the picccdiiif' manner, the fractions (2), (.3), (4), etc, 
disappear in turn, and new fractions (22), (23), (21), etc, are successively 
added, thioujrhout the entire process, thrn‘f<u(‘, the number of fnictions 
icmains eonstaiit. It is generally desiialile to maintain tlu‘ fractions eijual in 
si/e tlnoughout the senes of ci_\stallisations, and, in clbM’ting this, some littlo 
skill IS ic(pnicd to c«»uutciact the tendency of the middh' fiacLions to giow' 
at the expense of those at the two ends (^ue should also bi* taken to 
exclude dust, etc, and if the ci \stalbsations aic eaiiied out in Jena glass 
flasks, as riM'ommeudcd by Tibain, the flasks must not be moie than half 
filled, otherwise expansion of the crystals not nifie(]U(‘ntl\ leads to breakages * 
Serial Order of the Rare Earth Elements. Fiactional crystallisa- 
tion of salts of tlie raio eaitb idements usually amounts to the sepaiation of 
the comjioncnts of a mixture of isoinoiphoiis salts (’onsidi'r the case of thiec 
such salts, \, B, and (', llie solubilities of which iiiciease in tlu‘ oidi'i specilied. 
The prolonged fiactional ciystallisalion of a mixtuie of these salts leaih in 
general to the following lesiilt —The iiist few “be.id" fiactioiis consist of 
pure A, the next fiaetions in order consist of mixtiiics of A and B, the 
percentage of \\ ini'ieasing as llie most soliilile fiaetions aie appioaclied^ 
then follows <i senes oi fiaetions consisting of pvaclieally pure B; the next 
sciiesof fiaetions eoiilam both B and (\ the percentage of (1 ineieasiiig in 
the direction ol tlic inoie soluble fractions , and, finally, a niimb(*r of fiaetions 
of pure (I are obtanud - In short, the salts an‘ spiead out and separated in 
the oi(l<'i of then solubilities, a number of mixtures or iiiteimcdiate fiacdioiis 
being iiiiL'i|)osed between each two eoiiseeutive salts 

Tlie sejiaiaLiou of two laic eailh salts bv an assigned method ie(|uircB the 
piesciiec' of a eeitain iiumbei of iiitei mediate fiaetions. The eflieieueios of 
dilb'ient metbodM of sepaiatmii may be legaidcd as iineisely piopoi tioiial to 
the imiiibei <»f iut<'iim‘diate fractious they ueeessilaU* hi onler to (outiuiio 
with tlie sep,ir.itiou of tlie salts eoutaiiied iii a senes of intermediate fiaetions, 
it is ue(essii\ to iiiciease then number by tlic usual iiietlmd of subdl\l^lon 
and llieii to continue tlic fiaetionatiou 'Flic iiiteimediate fractions ina) thus 
be dirniiiisbed lu (|uautit\, but ii(tt iii iiumbei 

In the case di'^cus-Ncd it happens that while A has only to be separaterl 
fioin more soluble, and (‘ fioni less soluble impunlies, B has to be se])aialcd 
from a less soluble and also a nioic soluble impunty In such a case as that 
of B it IS often moie dillieult to eliminate the less M)lublc impurity than the 
moic soluble one The way out of this diflieulty, howcxei, is fairly ob\ions; 
after (' has been cdiminated as ciniipletely as possible, the still iinpuie salt 
B is converted into a new salt B' so that the order of imueasiug solubility 

* For liuthci iiiloiiii.itioii on fiat tioiial (•i}stallisatioii, see Urltaiiij^/ Chnit jifu/t , 1906, 
4 , nc . Auci von Welsliach, Moitalith , 1885, 6, 477. % 

" I’liis assumes that none ot the siilK is Aeiy siaioo in ci>ni|'aiis(»n with the others 
Tlieie is usually no advaiit.ige giiuied b} incieasing the nunibci of fijf liuiis beyond twenty 
or tbiity, and if, say, tlie salt l> coiistilub'S onlj oiic-biindiedtb of the niixtiue, the state of 
affuiis nu ntiDiied in the lexttdivioiidy eaiiiiot be ii.ilised. The •'ult It, howe\ei, aceuinnlates 
in the middle fiaetions of the senes, so that altei frachonation has been piocecded with for 
B sufficient length of time end fiaetions of puie A .iiul (' may lie n nioveil The inteirnediate 
fractions may now be uiei'cascd m number, and luithei tjuinlities of A and C removed, until 
eventually B forms a considciable propoilioii of tlic fiaetions left. 
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is now C', B', A'. Further fractionation of B' then eliminates A' in the “ tail ” 
fractions ' 

Similar considerations to the preceding apply when the mixtures to be 
fractionated contain not merely three, but a considerably greater number of 
salts In separating complex mixtures, however, the procedure adopted is 
first to etFoct a jirelimmarv separation into gioups of salts, and then to treat 
each group apart fiom the others.^ 

From a study of the various salts that have been utilised for the purpose 
of fractional crystallisation it has heen found that the order of eejmratiouy or 
serial order, of the tare earth elements is usually as follows — ® 

La, Ce, l*r, Nd, Sin, Eu, Gd, Tb, l)y, Ho, Y, Er, Tm, Yb, Lu (Ct) 
Hence, for example, a neodymium salt that has been fieed by fractional 
crystallisation from all but the last traces of praseodymium ami samarium 



Balts, its neighbouis in the senes, will bo even more free from lanthanum, 
europium, gadolinium, etc. 

It is generally assumed that the serial order represents not only the order 
in which the rare eaith salts separate, but also the order of solubility of the 
salts It IS not cert.un, however, that the separations always do occur in the 
order of the solubilities of the salts, although this usually appears to be the 
case,^ It 13 noteworthy that with the exception of yttrium the seruil order 
of the elements is the older of increasing atomic weights^ and thus ranges the 
terbium group between the cerium and yttrium groups. In the majority of 
cases the lanthanum salt is the least soluble of the series ; occasionally, 
however, it is the most soluble 

The separation of the rare earth salts by crystallisation does not always 
follow the serial order. It is, perhaps, not to be expected that this order 


^ Urbain, Ann. Chim. Fhys.f 1900, [vii.], 19, 227-29; Baxter and Chapin, J. Amer. 
Chem Sor , 1911, 53,- 1. 

s * This often involves chaiiciiip the method of fiactionation, and in doing so each fraction 
* sliould be separately converted into the new salt if the oidei of sejiaration leniains the same ; 
otherwise much of tlie advant.ige of the ]»revious hOf aiation is lost 

* Urbaiii and Laeonibe, Clum Aems, 1914, 90, 319 , Uibain, J. Chim. phys , 1906, 4, 
64 ; Chem. News, lOi'O, lOO, 73 , Seventh Ini Cunq Appl. Chem., 1909, Sect X., p 94. 

* Thus, jiraseodyniuini bioniate is lathei more holuble 111 water than yttrium Inornate, 
and yet when the mixed bromates of yttiiuin, jiraseodymiuni, erbium, and thulium are 
fractionated, the piaseodyniium suit rapidly accimiulutcs in the liead fractions in advance of 
the yttiium (James, J. Amer. Chem. Soc., 1911, 33, 1341). See also the data on p. 269. 
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would bo followed when the salts are not isomorphoiis and of the same type. 
The 1 :4*2 — bromoniti obenztiiesulphonates^ are a case in point, as they fall 
into three jrroiips according to their degrees of liydiation The solubilities 
have been already given (p 281) ; they are plotted against the seiial order 
in fig 35. It is clear that fiactional crystallisation of a coinplc.v inixtnro 
of these raic earth salts will not eflcct their separation in seiial order Kven 
when the salts are isomorphons however, theie are cases in winch the seiial 
order is not observed The ethylsvlphates (p. 278) afloid one such instance, 
the solubilities diminishing fioni lanthannni to neodyininni, and thereafter 
incieasing The hunnates fp 2r)r)) and nfiuiU'i (p 207) arc analogous to the 
etlivlsnlphates , in the case of the hroinates the euHjpinm salt is tho least 
soluble, and in the ease of the nitiales, which crystallise from nitiic acid as 
the ])entahyd Kites, the least soluble nitinlo is the salt of gadobniuin 

Separating Elements. — In discussing the atomic weiglits of tho rare 
enitb elements it wa** ])ointed mit that a number of ht»mufh salts are iso- 



moiplions with the con cspoiubng salts of the rare earth elements (p. 234). 
If, then, a (piantity of the bi.siiiuth wilt is added to a suitable inivluie of rare 
earth salts whole submitted to fiactional ci}stalbsation, the bismuth 

salt eventuall} seiiaiatcs out at a delinite point in tlie senes, between two of 
the salts ol the laie earth elements If the ci vslulbvatnm is continued until 
a number of fiactions of ehemically juin* bismuth salt have been obtained, a 
quantitatne sepai.ition of the i.ne eaitbs lias been utbiexnl Tins ingenious 
method of using bismuth as a sepai.itiiig clemeiit is due to Uibam and 
Lacombe - 

Ibsiniilh occupies a definite position in the serial older, namely, between 
Sfivmo mill and evi djiiuzH , and hence, witli mixtures coiiloimmg with tho 
law of seiial older, it is only j) 0 .ssible to produce a quantitative sepaiation at 
this one point in the rare eaith senes When the mixtuie does not separate 
in that manner, howevei, a difieient point of separation becomes possible. 
Only OTIC instance has yet been woikcd (uit, iiamch, the case of the mfrates, 
M(^'()s )3 hH.^0. W hen the sobibihlies of tlitse salts aie plotted against the 
seiial Older of the ehinents, llie le.'-ult is siirewliat as shown in fig 30 *It 
will be clear that not onl} ii'.ay a qnaiititatiie sejaiation be made between 
sanjaMiim and euiopinm if the rate eailb eUnaiits fiom laiitbaniini to 


* Katz and Jiiitips, J. Amn. CItfvi iSec , 1*'18 35 872. 

* Uih.isii ainl I acfiiilir, Cnn jit nvii , 1103 137 , 1904 138 , 84, <52/, 116<1 ; Clum, 

Neivs, 1903, 88 , 295 , 1904, 89 , 62, 277 , Uilaiii, J Unvi , 1906, 4 , 40, 105. 
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gadolinium only are present, but a similar separation may be made between 
gadohniwnwmX terhunn in mixtures that contain the elements from ‘gadolinium 
to celtiiim in the scrioH • 

Ihc .ijiplication of bismuth as a separating clement, when made in con- 
nection witli the fractionation of the douhle matpirsi utn 7 iitr(ite 8 , results in the 
quantitative separation of samarium from europium, i e the complete elimi- 
nation of intermediato Sm Ku fractions. This is not, however, the only 
beneficial result that is achiexcd. The samarium and bismuth salts are 
miscible to a considerable extent in the solid state, but the neodymium com- 
pound IS only taken up to a very slight extent, and the pr.iseodx mium, cerium, 
and lanthanum compounds not at all by the bismuth salt. Accordmglv, after 
the bulk of the lanthanum, cerium, praseodymium, and neodvmium has’ been 
removed in the ordinary way (and this may* readily and quicklv be eflected), 
the aiiplication of the bismuth piocess leads to the rapid olmunation of the 
remainder of these elements from the samarium, inteimediate Nd-Sm fractions 
being reduced to a very small amount In a somewhat similar manner the 
separation of europium and gadolinium is greatly facilitated, although in this 
case each salt is readily miscible with the salt of bismuth , four inteimediate 
Eu-(id fractions only are necessary, instead of eighteen when the bismuth 
salt IS omitted (see ]) 310)2 

When the simple jufmtes of gadolinium, terbium, dysprosium, etc , are 
fractionated in the jiresence of bismuth nitrate, the inteimediate (id-Tb 
fractions may bo reduced practically to zero, and the intermediate Tb-Dy 
fractions to a small amount 

Bismuth may be employed as a separating element in a dilTeroiit manner 
from the preceding. In fiaclionating the rare earths, mixtuics are sometimes 
obtained comparatively rich in samarium, and especially m gadolinium, but 
containing so much of the yttrium group that tiie samanum and gadolinium 
cannot be removed fiom them by crystallisation as the double magnesium 
nitrates Now the members of the yttrium gioup do not form double 
magnesium nitrates. If, then, bismuth magnesium nitiate is added in 
sufficient amount to allow the erxstallisation to comnuMici', and more added 
from time to time to the most soluble fraction, the bismuth salt accumulates 
quite rapidly in the “head” fractions, carrying w'lth it practically the whole 
of the samarium and gadolinium salts 2 

The great value of bismuth for the piecediiig purjioses lies in the fact 
that when the necessary raie eaith sepaiatioiis have beiui effected hy its aid, 
it may be rapidly and comph'tely eliminated by simple analytical ]uoces&cs 
Unfortunately, in its isomorphism with the rare earth metals bismuth appears 
to be unique among the common elements. Occasionally, howexer, one rare 
earth clement may be used as a sepaialing clement for two otheis 

As an example, the separation of lanthanum, prascodvmiiini, and neo- 
dymium by the crystallisation of the double ammonium nitnites fiom nitric 
acid may be discussed In this process the lanthanum salt separates in the 


Urbain, Compf. tend., 1909, 149 , 37. 

® Fiom tlip icsultsof Kbcrliaid’snivpstipatioiisof tliearcsppctiaof UihainandLaporabe’s 
Sm-Eii Od fiactioiis it may bp stated that ( 1 .) tlip sp]iaTatntii of Sm and is quiuititatix'e, 
(ji ) pine Ell may be ubtainpd, fni ) Sa may be comjdptplv fippd from Kii. and (iv ) Or! may 
be obtained quite free from Sm but caitaining tiaces of Eu (Eberbard, Zeitirh anotg Chem., 

IvvD, 45 i 

® Urbain and Lacombe, Compt tend., 1904, 138 , 84; Chem. News, 1904. 80 . 62; 

Urbain,./. 1906 , 4, 121, » . 1 
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“head” fractions fairly readily, before the praseodymium and neodymium 
liave separated to any considerable extent, and once tlio bulk of the lanthanum 
has been thus eliminated, the separation of the other two elements proceeds 
extremely slowly and it is dithcult to induce crystallisation. Further 
separation of the praseodymium and neodymium may, however, bo broiipht 
about moie rapidly if part of the separated lanthannin is letiiined to the 
final mother Inpior and apjain crystallised thioiigli the senes of fractions.^ It 
IS bettor, howo\er, to add corous animoniiim nitrate, hinec the siiliseijiiont 
elimination of eeriiim is much easier than the reiiKAal of tlie lanllianiini ® 
In a somewhat similar manner, .lames has utilised praseodymium bromate 
111 effecting the sopar.ition of the bromates of erbium and tliulinm.^ 

In the pri'ceding example, the use of lanthanum or ei'rinm ri'Mi'inbles the 
use of bismuth in facilitating the separation of cniopinm and gadoliniiiin 
It should be possilile, lio^vever, to realise the (piantitative sepai.it ion of two 
lare earth elements by a third m the same way that bismuth elleets the 
separation of samarium and euiopium Thus, suppose .i imxtiin' of the salts 
of three lare e.arth elements A, H, (Ibc fiaetionated, the solubilities of the 
salts inci easing in the order A, B, (1 and the salt of B being in excess of the 
others, until several coiiseiutive middle fractions consist of ])raetieally ]*ure 
s.ilt of B The less soluble fractions will then bo X-B mixtines ])iactically 
fice from C, and the more soluble fractions will be B-(l inixtiiics fiec fiom A 
Now, by a ])ropcr choice of salts the solubilities of which do vot follow the 
serial order fiom lanthanum to celtium, it mav bo ])ossd)lc to separate 
(piantit.atn cly each of the binaiy mixtures A-B and B(J by tin' bismuth 
magnesium nitrate nudhod, and, if so, the separation of A fiom F will have 
been accom])lishcd (pi.iiititatixelx b\ the aid of B .lami's and Bissid ‘ have 
obtained go(»d OMflence that neodymium may be used in this manner in 
effecting a (pi.intitatnc' separation of gadolinium and terbium brom.iles, in 
this case A, B, (’ an* gadolinium, neodvmnnn and terbium respi'ctixely. and 
the A-B and B (J mixtures may bo quaiilitati\ely se]»aiat(‘d by the bismuth 
mctlmd. 

Control of Fractionation. — It is neeessaiy fiom time to time to follow 
tlie progress of the fiactionation The methods utilised for tins jiiirpose are 
fi ) miMsiin'inent of chemical c<pnvah*nts, (n ) measurement of magiudic 
susceptibilities, and (ni ) obseixations of xarions types of s])cctra 

(i ) Tlip “ (ViPvut'nl Kffiin'dh nt" — It is [lossible to give a perfectly 

definite meaning to the term “equn.ilent ” wdicn applied to a mixture of rare 
(‘arths, V17 , the number of parts l>y weiglit of tlie mixture that react with ono 
eipn valent of an acid, and the experimental determination of the e«pii\Mleiit 
may be eairied out by any of the methods that have bi'cii ])reviously (h'scribed 
for the determination of the atomic w'cights of the rare caith elements (p 2.19). 
It i.s usual, howe\cr, to express the lesiilt of the mea'>.uremcnt, not in terms 
of an equivalent, but rather as the fictitious “atomic w'cight” corresponding 
to it 

Suppose, now, that a rare earth mixture has been resolved into a number 

. _ _ ... ^ 

' Aiut von Wolsfi.'icli, Monnt',h,, 188.5, 6 , 477 , Sclioltlaiidcr, 18112, 25 , 378, 569. 

" NTon Sclioflr, Ztilnih anauf <'hevi , 1898, 17 , 310, rf Foit .iimI \*\i\\^yW\\./ZciUch, 
antnq ihrm., l‘ii'.5, 43 , *202, ami Ridinai’ii and Wirtli, jinnnlni, lOnS 361 . IHO, who use 
rcious mAgin'siuin nitrate to assist in the separation 6 f the donhio in.igncsiuin nitrates of 
lanthanum, prascoduniiun, and noodyinium 

® Jaim-s, J Amfr Chem Sor , 1911, 33 , 1341. 

* James and Hisscl, J Amcr L'hcm S<>c , 1914, 36 , 2060, 
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of fractions. Frequently, the order of separation of the rare earth elements 
corresponds with the order of their atomic weights. If, then, the extreme 
atomic weights of the elements in a mixture are \Va and W^,, the fictitious 
“atomic weights” of the two end fractions conlinually approximate to the 
values Wa and W^,, and the “atomic weights” of the intermediate fractious 
vary regularly from the one extreme to the other. Tlio manner in which 
these “atomic weiglits” vary as fractionation proceeds may be describect 
most simply, perhaps, in terms of a graphical construction, in which the 
numbers of the fi actions are plotted as ordinates and the corresponding 
“atomic weights” as absciss^c, a curve being then drawn through the points. 
The curve has at first an upward or downward trend throughout its entire 
length, but as fractionation proceeds, indications of horizontal poitions appear 
in the curve and gradually become more and more pronounced As a rule, 
each horizontal region corresponds to a senes of fractions of a pure rare earth 
compound , so that the atomic weights W^, \\p, Wy W^, eoi responding 
to the hoiizontal portions of the curve, are the atomic weights of the rare 
earth elements present in the mixture. Occasionally, however, a horizontal 
region corresponds to the isolation of a mixture that cannot be resolved by 
the particular process that is being employed. 

Even when the rare earth elements do not separate in the order of their 
atomic weights the final curve will consist of a number of hori/ontal regions 
joined together by intermediate curved portions , its evolution, however, 
from a simple starting-curve cannot be followed in the preceding manner 
This 18 the case, for instance, when the yttrium earths are fractionated by 
crystallisation, the atomic weight of yttrium being miicli less than that of 
any other rare earth element. 

In any case, however, the “atomic weight” method of control is used in 
conjunction with the spectroscopic method Valuable informotion niny be 
obtained by it, but, owing to the fact that the atomic weights of any two 
successive elements in the serial order arc very close togetlicr,^ the method 
is not very sensitive. ^ 

(ii ) The Maynetic Sueceptihihty Method — The rare earths di Her very much 
among themselves m the values of their magnetic susceptibilities For 
instance, the values for gadolinia and europia are in the latio of 5 to 1. 
Determinations of magnetic susceptibilities therefore provide a much more 
sensitive means of controlling the course of a fiactionation than measurements 
of chemical equivalents. Moreover, by means of Cuiie and ( -heneveau’s 
magnetic balance it is possible to deteiminc a magnetic siisceptdalitv in a 
few minutes; tlie method is therefoic extremely piactieal. Its utility was 
pointed out by Urbain and .lantsch.^ 

* Yttrium being excluded. 

** The oxalate method of p 24‘2 is, pel haps, the one that has been most fiequently 
employed in dcteimiiiini' the atomic wiughts” cori{>S})Oiiding to the various fiactions. 
Like practically all the otlier methods the “weight of oxule" is one teim of the latio 
measured Since, tlien, cei la is a dioxide, it is necessary to eliminate cerium before com- 
mencing the fractionation, or else with each “atomic weight’’ meusuiement to determine 
the percentage of ceiia nt the oxide. Similar difhcnltics are likewise eucountoied ov\inff 
to the fact that the oxa1<ite.s of juasrod^miimi and teibium gi\c ])ero\id(‘S when cahined and 
not sosquioxides , either the pei oxides may be leduccd ui bydiogen or then peioxide oxygen 
determined io<lmietrica11y. The “atomic weight ” niuthud is accordingly of \ ery little value 
80 far as the ceiiiim gioup is concerned 

’ Urhaiii Coinyt. rend , 1908, 146 , 406, 922 ; Uibain and Jantsch, ibid , 1908, X 47 , 
1286, Uibain, 2b7d., 1909, 149 , 37, 1910, 150 , 913; 1911, Z 52 , 141, blumcnfeld and 
Urbain, ibid., 1914, 159 , 323. 
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In putting this method into practice the oxnlates should be precipitated 
from the fractions and calcined to oxides just previous to the actual measure- 
ments of the susceptibilities. The numerical data for the pure eaiths are 
given on p 257.^ 

(ill ) The t^pectroscopic Method . — The salts of nine of the rare earth elements 
give absorption spectra in the visible region, anti those of one other give a 
well-defined ultraviolet spectrum The freijuent observation of the absorption 
spectra of the fractions therefore affords a rapid and extremely valuable 
method for following the progress of fiaeliouation. Thioughout the early 
stages of the separation, observations with a good pocket spectroscope arc 
suflTicient for the purpose ; subsequently, however, more piecise measurements 
are necessary. The comparison of the spectia of diileieut fiaetions must be 
effected under conditions which are the same for each fraction, or erroneous 
conclusions may easily be drawn ^ 

When a series of conseeuUve fractions have identical absoiption spectra, 
it IS usually, but not invariably, the case that a puie rare eaith salt has been 
obtained. It is not enough to compare the visible absorption s])ectra , the 
ultraviolet regions must also be examined, preferably by the photographic 
method. 

The sepal ation of the elements m the colourless fractions should bo 
followed by studying the spark spectra, which are not so sensitive as the arc 
spectra and involve no sensible loss of material in their examination. The 
study of the spark spectra of the coloured fractions is also extremely valuable. 
These spectra should not be examined, however, until very considiuable 
progress has been made in the fi act ion at ion, since the spark spectra of lare 
earth mixtures are exceedingly rich in lines The constancy of absorption 
and spark spectra throughout several consecutive fractions is the best critoi ion 
of the isoiation of a puic larc earth compound, but it is not inlallible When 
this constancy of 8])cctral characteristics is attaini'd, accurate' atomic weight 
measurements should bo made, in older to obtain additional confirmation 

Finally, observations of the arc and jthosphoi escenee s])cclra may bo made 
in order to determine the degree of puiity ol the rare eaith salt that lias been 
isolated. 

The various spectra of the rare i*arth elements and tlieir compounds are 
described lu some detail in the preceding chapter (jip. 2H2-,'H2) 

It may iJteucrally be a'-sumed that a pure rare eaith compound has been 
isolated in the course of fiaetionation when a number of consecutive fractions 
are obtained, identical in all resju i-ts , that is to say, wdien all the fiactions 
correspond to the same atomic wcurlit, yield lare earths identical in tlieir 
physical properties, paiticularly their magnetic susceptibilities, and jiossess 
identical spectral characteristics, quantitatively as well as qualitatively. 
When, in addition, the fractionation of such a senes of fractions is continued 
by other methods with negative lesults, the assumption that a piiic rare earth 
compound has been isolated becomes practically certain The raie earth thus 
isolated conforms, in fact, to the expeiimontal definition of .a jmrn substance. 

Tn controlling the course of fractionation one other point should be noted. 
As has been already pointed out, between each two consecutive seriea of 


* On the mo-iRnrenient of ni.ignotic susceptibilities, see Cum-, // Haul. /’Ay*, 1895, 
[vii-1i 5 » 289 ; Meslin, ihid , 1906, [viii ], 7 , lif>, Cuiie and Chemvean, J. dn physique^ 
- 1903, [iv ], 2 , 796 ; Poynting and Thoniaon, Elerlncity and Magnttism ((liitlin A Co., 1914). 
, * See ]>p. 283-7. 
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fractions of pure rare earth salts there exists a series of intermediate fractions. 
It 18 of importance (i ) that these should he expanded into a larger number of 
smaller fractions, and the piocess of separation continued until eventually the 
mterinediate poitions are insignificant in compariHon with the pure salts; and 
(li ) that eonfiiinalion can he obtained that the spectral and other chaiactcr- 
istics o( these intei mediate fiactions are in harmony, both (jualitatively and 
(piaiititat i\ely, with the assumpiion that they are mixtures of the tw'o pure 
compounds in \.irving proportions Withoiit such confiimation, theic is 
always the po^'>lhlllty that the inteimi'diate fi actions contain another earth, 
rar(' in comjiarison with those that have been isolated 


Ski’miation of Ckhium fuom the Otheh Uauk Kautii Elements. 

The coiiipar,iti\o case w'lth which eeriuni may bo separated by chemical 
means from the other rare eaith elements is duo to the fact that ceiiiiiii, 
unliko the otheis, forms two definite senes of salts, ono deri\cd from a 
strongly basic hydroxide, (V(()II),, the other from a feebly basic hydroxide, 
Ce(()H),. The latter hydioxide leseinbles Ihoiium hydroxide, Th(()ll)^, in 
strength Accoidingly, when ceiium is separated from the laie eaiths 
by any of the usual proceduies, the thonuin, unless previously removed, 
accompaiiK's it 

A mixture of rare earths containing not more than 50 per cent of ccria 
dissolves completely in hydioehloric or nitric acid , in the lattei case the 
cerium pa.sses into solution almost entirely as ceric nitiate If, however, a 
mixture of rare earths contains more than 50 per cent, of ceria, it cannot 
bo completely dissolved in either hydiochloiic or nitric acid, but it can bo 
completely coiuerted into a mixluie of sulphates by heating with excess of 
concentrated acid, fn this manner the ceiia is converted into eciiCj^sulphate, 
insoluble in the excess of sulphuric acid, and if the mixed sul[)hatcs aie dis- 
solved 111 cold dilute nitric acid and boiled with cxce.ss of alkali hydioxide, the 
precipitated hydi oxides contain the ceiiiim, mainly as ceiic hydroxide. This 
precipit.ito dissolves leadily in mtiic acid, forming ceric nitrate, etc. 

A raie earth mixture containing more than 50 per cent of cena can bo 
dissolvt'd by heating it with nitiic acid if hydrogen peroxide is added from 
time to time ^ The ceiia then passes into solution as ccroiis nitrate The 
mixture may also be dissolved in concentrated hydrochlonc acid if ammonium 
or potassium iodide is aKo added. Iodine is liberated and the ceiium is 
transformed into cerous chloiido ^ Cijric chloride is not known. 

Natural mixtures of rare earths rich in cena, e.y those extracted from 
monazitc and ceiite, do not as a rule contain more than 50 per cent of ccria. 

(i ) The Basic Nitrate-Sulphate Method.® — This method is liased 
upon the fact that ceric nitrate and sulphate readily hydrolyse in arpicons 


' Wyroubofl and Vorneuil, /oc nt, * Bnnspn, Avvafm, 1858, 105, 40, 4.5. 

* Brauncr, Trans Chem. Soc , 1885, 47, 879 , Monatsh.^ 1885, 6, 785 , Xcitsch. anorq. 
Chem., 190.'{, 34, 207 , Braiiner and Batfk, ibid , 1903, 34, 103 , 'Wyrouboff and Verneuil, 
Full. Soc. chim , 1897, [m ), 17, 679 ; 1898, [111.], 19, 219, Conipf. rend., 1897, 124, 
1230 ; 125, 950 ; 1899, 128, 1831 , Ann. Chun. Phy^-., 1906, [viii ], 9, 333 ; Steiba, ibid , 
1904, [viii ], 2, 193 , R. J Meyer, Zcitsch anorq Chem , 1903, 37, 378 Cf. the following 
early mrmoiis: Ilciinaiin, / prakt Chem , 1843, 30, 184; Mniignac, Chim Phys., 
1849, [ill ], 27, 212 , Mnnspii, AnniAcn, 1858, 105, 40, 45 , Pogg AniiaUn, 1876, IW, 230, 
866; Holzinann, J yiakt, Chem , 18.58 75, 321 , Jahresbei , 1862, p 136; Czininowicz, 
ihtd , 1860, 80, 16 , W. Gibbs, Amcr. J. Sci,, 1864, [11.], 37, 352 ; Eik, Zedsih fur Chem., 
1870, [ii.], 7, 100 ; Jahresber , 1870, p 319. 
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solution, producing precipitates of basic salts that may bo icadily filtered 
and ashed. Tlie iiecossaiy procedure is here described on the assunip- 
tion that the mixed caiths contain loss than 50 per cent, of ceria , the 
details are essentially those of WyroubolF and Vernenil, as modified slightly 
by Sterba. 

The lare earth elements are piecipilated as oxalates, and the latter 
washed, dried, and calcined to oxides The mixed oxides aie added gi.idually 
to four tunes their weight of cold, concentiated nitric acid, the iiiixtiiic being 
warmed towaids the end of the opeiation to 50" or GO". The daik red 
solution 18 allowed to stand for twenty four honis, and then decanted fioiii 
any slight insoluble residue. The solution is e\apoiated on the watei bath 
until it IS of the consistency of a thick syrup and solidilics completely when 
cooled. The syrup I'l dissohed iii a quantity of wat(‘i ecpial to thiiU ' times 
the weight of the oxides used, 1 giain of ammonium sulphate added for 
ex’ery litre of solution, the liquid heateil to the iKuling-point and hoik'd for 
about fifteen iniinitch A pale yellow precipit.ite with a f.nnt gicenish tint 
IS thus obtained, it consists of basic ceric niti.ite and sulphate The 
precipitate is tilteied off and thoiouiihly washed with <l solution containing 
50 grams of animoinuni intiate and 10 giams of ammonium sul))h.ito 
per lilie of watci , hot water will serve, but the piecednig solution is belter. 
Piovided the initial evaporation of the intiic acid solution was eontiinied 
to the light point, the pieeipitate contains piaelie.dlv all the (eiinin (hat 
was present in the lupiid as ceiie intiate \ little eeiic niliate and some 
ccroiis iiiliate, however, still remain in the liltiate 

Wjroubofl and Veineuil give two methods foi elimniatmg the lemainder 
of the ceinnii fiom the filtrate, (o) The liquid is vigmonslv slnietl and a 
inixtuie of ammonia and pine hyliogen peroxaie is slowlv addl'd The 
cerium is tlms ])U'ci[)itated as peroxide, aironip.inied hv moieor less of the 
othei caifli'' When the filtered liquid only gives a hluish-white pieeipilate, 
the addition of ammonia and ])eioxide is stoppl'd The pieeipilate is washed, 
dissolved in intiic acid, and piecipitated hy oxalu* acid 'Ihe oxalates are 
Ignited to oxides, and thi' ])rooedine alieady desciibed in the piecednig 
paragiaph is followed with the oxides There is thus ohLanied, by these two 
treatnioiits, (a) 9i) per cent of the eeriiiiu in a ncaily pure state, (13) about 
9U per cent of the other earths free from cerium, and (y) a small fiaction 
consisting of othci earths contamiiialcd with a tiacc of ceinnn {h) An excess 
of sodium acetate IS added and the liquid hoiled, while ainmoiiuim peisulphate 
18 added little by little In this manner all the cerium ma\ hi' jnecipitatcd 
as basic ceric sulphate, and there is thus obtained tbree ft actions (a) the 
original precipitate containing 85 to 1)0 pei cent of the ceinnn in aiieinly 
pure state , (/i) about 99 per cent of the other earths quiti- free fioni oeinnii ; 
and (y) about 10 to 15 per cent of the eeiiuin (fiom the peisulphate pre- 
cipitate) coiitainnig a few per cent of foieign eailhs 'I'lie fiaction (y) may 
he dissolved in uitiic acid, evaporated to a syrup, diluted with watei, and 
boiled, when the cerium it contuns is piecipitated almost completely and 
practically free from other substances 

The great advantages of the basic nitrate-sulphate method arc that ni onb 
operation it separates about thiee-fouithR of the total cerium in an almost 
pure state, and the precipitate may bo pin died m the same maimer as that 
by which it was produced (p 337). • 


^ When operating on laige quantities of mateiial, Ihib may be reduced to ten. 
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When the initial mixture is such that the cerium is most conveniently 
brought into solution as a ccrous salt, a mixture of the nitrates is prepared. 
The following procedures arc then available • — 

(а) The concentrated solution of the nitrates, slightly acidified with nitric 
acid, is electrolysed in a large platinum dish which serves as the anode. The 
current density should be 0*6-0'7 amperes per scj. dcm. of anode surface. 
About 70-80 per cent, of the cerium may be thus converted into ceric 
nitrate. Tlie solution is treated with dilute ammonia until a permanent 
turbidity is first produced, when the procedure already outlined may be 
followed ^ 

(б) Tile nitrates are conveited into double ammonium nitrates and the 
latter dissolved in water (2 litres per 100 grams of double nitrates). The 
solution IS boiled, stirred with steam, and a solution of magnesium acetate and 
hydrogen peroxide added drop by drop (50 grams inagnesiiim acetate dissolved 
in 500 c.c. of 2*5 per cent, peroxide per 100 grams of double nitrates), until 
a filtered sample no longer gives the orange-yellow cerium precipitate. The 
precipitate cuntiuns all the cerium (as basic perccric acetate), but is con- 
taminated with about 4 per cent, of other earths. It is filtered off and 
washed with boiling water. ^ 

The precipitate is dried at 120" in older to conveit it into basic ceric 
acetate. It is then dissolved in excess of conceutraLed nitric acid and the 
solution evapoiated on the steam bath till the free acid is almost entirely 
expelled and the residue has the consistency of a very thick syrup. The 
cerium is then precipitated as basic ceric nitrate-sulphate by the method 
already described 

There are thus obtained three fiactions: (a) nearly pure basic ceric 
nitrate-sulphate, coutaiunig the greater part of the cerium , (/i) the filtrate 
from (a) containing part of the cerium and a little lanthanum, etc ; and (y) 
the filtrate from the basic perceiic acetate, free from ceiiuni, and Containing 
the greater part of the lanthanum, etc. 

(c) Wyrouboff and Veineuirs procedure (d) above, using amnioniiim per- 
sulphate and sodium acetate, may be employed Witt and Thiel ® replace the 
sodium acetate by precipitated calcium carbonate. 

(li.) The Bromate Method * — Potassium bromate may bo used to 
oxidise cerous to ceric .salts, and, provided that the solution is kept almost 
neutral, the ceric salt hydrolyses and basic ceric salt is preciiutated. 

As the starting rnatciial, a nearly neutral, concentrated solution of the 
nitrates is rcipiired. The solution is heated to boiling, and potassium bromate 
added. As soon as red fumes of broiniiie make their appearance, two or three 
tumps of marble are added and the liquid boiled for one or two hours. As 
soon as the peroxide test (p. 367) on a sample of the filteied liquid indicates 
that very little cerium is left in solution, the boiling is discontinued, 
the marble leinoved, and the precipitate allowed to settle. The liquid is 
syphoned oft’ and the precipitate washed with 5 percent ammonium nitrate 
solution The precipitate thus obtained from a concentrated solution is dense, 
settles readily, washes easily, and contains very little impurity. It consists 


^ Steiba, lor. cit 

* R. J. ilpycr and Koss, Ber.^ 1902, 35 , 672 ; rf, Popp, Annnlrn, 1864, 131 , 359 ; Erk, 
Zeitsch./Ur Chem.^ 1870, [ 11 . J, 7 , IQO. According to Wyrouboll and Veineuil, magnesium 
jgAtate offers no advantages over sodium acetate. 

5:' • Witt and Thiel, Ber , 1900, 33 , 1315. 
i '' * James ami Pratt, J. Ainer. Chem. Soc., 1911, 33 , 1326. 
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mainly of basic ceric nitrate when only a slight excess of bromato is employed, 
and mainly of bauic ceric bromato when excess of bromato is used. 

The filtrate is boiled with a little more potassium bromate and marble 
until the luiuid is quite free fiom cj'rium The prccqut.itc thus obtamoa 
contains a little of the othci laie earths, and is dissohed in nitric acid and 
added to the next lot of starting mateiial The filtrate contains the other 
rare earths, free from cei lum. 

(ill.) The Permanganate Method '--When potassium pcimanganato 
is added to a hot, neutral solution of ccrous nitrate, it is immediately bleached, 
and a brown precipitate appears, eonsisting of a mixtuic of ceric liydroxide 
and hydrated manganese dioxide. Alter a certain quantity of permanganate 
has been added, the coloui is no longer discharged. The solution m then 
found to giNO an acid reaction with litmus and to contain cc'iium in solution. 
The addition of a little alkali leads to the bleaching of the permanganate and 
the precipitation of more cerium, and if the lupud be kept neulnd by the 
addition of alkali, llu' permanganate colour only ceases to be bleached when 
all the ceiium is ])reeipitated In putting this method for the precipitation 
of cerium into practice, zinc oxide, magnesia, ciilciimi caibonate, and sodium 
caibonate h.ivc all been used as neutialismg agents Of these, the last is 
piobably the best to employ — 

3Co(NO,), + KMnO, + 4Na2(’03 + «a,0 

= 3(Jc( 01I)4 + MnOj 211.^ + t<NuNUj,+ KNOgd- 4tO.,. 

In order to use tins method for the separation of ceimm from the rare 
eaiths, a neutiul solution of the raie eaith nitrates sliould bo prepared, 
coiitaimng the ceimm as cerous nitiatc The solution is heal(‘d to boi hng, 
and potassium peimauganate solution added m small qiiaiililies at 
until the ted colour just begins to be permanent. At this point the 
nrecipilaut is cliMUiied for a solution of peimanganate lo \shich has been 
added sodium (mi bonate in the exact ratio KMnO^ ; 4NajCOy. This solntion 
is aflclod very slowly to the nearly boiling nitrate solution A faint colour 
of iieimanganate should bo mamtaiiied all the time, a little pure perman- 
gaiiate being added if at any time the colour is bleached When the cerium 
IS nearly all precipitated, the colour disappears more sImNly after each 
addition of precipitant, and the eflei vescence is less n(»ticeabl(' Ihe acidity 
of the solution is then tested fioin time to time ^Mtb litmus jiaiicr, and small 
amounts of the permanganate-carbonate mixture or pure •.irbonate are added 
until the solution is nearly neutral to litmus and still pink \Mth peimanganate. 
The whole is Invited, stirred for ten minutes and filteied hot, the pM'cipitate 
being washed thoroughly with boiling water. The precipitate is practically 
free from other lare eaiths, but it should be dissolved m hot concentrated 
hydrochloric acid, diluted and precipitated with oxalic acid, the cerium 
oxalate converted into cerous nitiate, and the entire process repeated Ihe 
cerium is then free from other rare earths, hut must he sep<irated from 
manganese.^ 

1 Winkler, J pi aid Chem , 1365,95,410; SMo\h.x,Jah7rsher ® 

Jif, ISafl. 29 , -Jlf-i , I> II P., 1 13,106 (1903) , Muthmann aiul Hohg, , 1898, 31 , 171^ 
Muthiaanii and Weiss, Ann'ilcn, 1904 331 , 1, Hohni, Zcilsrh awifw C/«jm , 1903 16 , 
Ipyn K J Mo\ei, Zntbrh anouf Ch>m , 1903, 37 , 37H ; K J. Meyer and Schwj-itzer, 
Zeil<ich anorg Chnii , 19u7, 54 , 101. Ksposito /Voc Soc. vV "(W* 

J Amer. Chem Sue , 1908, 30 , 98-’ , Roberts, Atmt. J. Sci , 1911, [iv.], 31 , 3j0 , them. 

Kew, 1911, 103 , 303. , ^ ^ \ , x 

* The i»roceaure here described la due to Roberts \loe, eu ) 





'jiiade quite neutral. This trabd may (>e removqfli tog^their 
ol the other earthS) by heating with a little permanganate^oarl^ 

Itlon' containing more than four molecular proportions ^ carbonate 
ieottle of permanganate. 

Mosandars Chlorine Method.^— In this process the 
brides precipitated as hydroxides,' the latter suspended in excess 
il^um hydroxide, and a stream of chlorine passed into the cold suspeiudi 
^til the liquid is saturated. Cerium is left as insoluble ceric hydroxide 
rare earths pass into solution as chlorides, the solution of the lant 
ag effected much more rapidly than that of the “didymia.”^ Th 
tate is thproughly washed, dissolved in hydrochloric acid, and the p 
sated. Six or seven repetitions of the alkali and chlorine treatment 
Haired, BO that the process is very tedious, and, unless the liquid is boile 
^ some minutes at the end of each chlorine treatment, a little cerium 
^l^d in the solution. Instead of chlorine, excess of bromine may be add< 
m the whole heated until the excess has been removed (Browning 
polberts). ' 

, Owing CO the difficulty of removing the last traces of impurities from ther j 
ittium by this method, it is advisable to use it for the isolation of nearly pure^^^ 
Mflo hydroxide and continue the purification by other methods, e.g. (i.) or (v,)^^ 
|^'(y.) The Ceric Ammonium Nitrate Method.^— ^Ceric nitrate forms^J^ 
ammonium nitrate an orange-yellow beautifully crystalline double salV^j 
|ai(NOg)4.2(NH^)NOg, which is only sparingly soluble in nitric acid. It is 
^different type from, and is not isomorphous with, the double ammonium;^v 
litr^tes of the other rare earth elements. Owing to the nature of this salt,'^ 
is easy to remove the bulk of the cerium from a mixture of crude ceriunt I 
jbHbs as ceric ammonium nitrate, and to continue the purification of thd 
Mridm salt thus obtained. The following procedure is perhaps'^the most' 
l^jil^Qient for commencing to work up large quantities of crude ceriuDOkj 
fiu^s in the laboratozy, since it allows the greater part of the cerium to b9;| 
gyrated rapidly in a small volume of solution. , '| 

hf'The mix^ oxalates are calcined and the oxides obtained dissolved in two 
kihree times their weight of concentrated nitric acid. Assuming that cerkn^i 
jratltutes one-half ^ of the oxides, the requisite amount of ammonium J 
*%ate''to form ceric ammonium nitrate is added. The finely-divided^ 
K^nium salt may be stirred into a hot solution of the nitrates or added iiifrj 
jl^prm of , a concentrated aqueous solution. On cooling, the bulk of th«| 
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!.U<];udr mn %h» 'fifBt» and ao on, l^veral crop# of nearly p 
nitim nitrate are, tHna obt^ 

Mtecell^MttS,''-*S6Teiil other methods hare been pro 
$: Mqqm from the other rare earth elements, ap. prroii 
V^erianais,* fiaottonal solution Of the oxides in dilute nitno 
loft aeneous ammonium chloride,^ fusion of the nitrates with ex* 
issium nitrate^ at 330-^50*, fractional decomposition of the ohro: 
tubility of oetio oxalate in ammonium oxalate,^ etou* ^ 

> The Preparation of Pure Ceria.— (1) From BatU Cmc N\ 
({p&afa^The washed precipitate is dissolved in concentrated nitrid. 
e solution evaporated on the steam-bath to the consistency of a very 
j^p, cooled, diaaolved in cold water, and the liquid boiled for 10-13' m^l 
^that is to say, the precipitate is purified by a process identical with 
hioh it was produced (p. 333), the addition of ammonium sulphate, hbw 
"ng unneoesaazT. According to Sterba, four precipitations as basic lih 
hate are sufficient to eliminate the last traceswof other raro earths : 
a, starting with the crude monasite or cerite earths from which th 
n removed.' 

The preceding method also serves f6r the elimination of the impu 
m basic cerid sulphate obtained by the t^rsulphate method. ^ It 
ver, answer for the purification of ceria ootained by the permazm; 
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itate by strong nitric acid, which leaves the hydrated mam 
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ttiphate, however, the ammonium sulphate must be added. . j 

f With careful working, the preceding method of purification givee 
teeUent yield of pure product. a 

Yli.) iwa Certe Antmonitm NiiraU* — The salt is reciystallised* 
tirto acid four or five times. The method already outlined is a. 
pmical mne for the purpose. . . 
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Thiy method in alyo an excellent one for preparing pure ceria, and may 
obviously be applied to the purification of the precipitates obtained by 
Mosandcr’s and the permanganate method. 

(in.) From Basic Ceric N itrate-h) ornate — The precipitate is dissolved in 
concentiated nitric acid by the aid of a veiy little alcohol, the solution diluted 
with water and boiled after the introduction of some lump marble The 
precipitate is washed with ammonium nitrate, converted into anbydious 
cerous sulphate, and the latter dissolved in lec-eold water ll\drated eeioiis 
sulphate is then crystallised out by w^arming the solution to ^10 -10“. 
Traces of other rare earth sulphates may readily be eliminated in this manner, 
since cerous sulphate is not isomorphoiis with them. 

Ti aces of thorium may be eliminated by the rcei}stallisation of cerous 
Bulpliate, but whore a solution of cone nitrate or cciic ammonium nitiate is 
available, it is preferable to i educe with hydrogen peroxide to the cerous state 
and eliminate the thoiium with hydrogen peroxide from a hot, neutial (or 
feebly acid) solution (p 320). 

A cerous salt in concentrated aipicous solution should show no trace of 
the absoiption speetruni of “didymium” when examined thiough a very 
thick layer (10-20 ems ), and the residual oxide obtained by tlie ignition of 
•he oxalate, nitiato, double nitrate, or sulphate (at a white heat), should have 
a pale yellow' colour when cold, entirely free from any suggestion of a salmon, 
red or brown tint.^ 

Preliminary Separation op the Rare Earth Elements into (Iroups. 

In commencing the fractionation of the rate earths obtained from a 
mineral, the piocedure employed depends upon the relative amounts of the 
rare earths present Two cases present themselves — (i.) the cn turn is 

present to a much grc.iter extent than the yttrium yrouj), and (ii ) viVe veisa 
In the first case the predominating element is ceiium , in the second it is 
yttrium The terbium yioup never seems to preilominate. 

Potassium sulphate is the classic reagent foi eilectiiig a i^ijiaiahon of 
the cerium ami yttrium [poiipsr The double sulphates of pfitassiuin and the 
rare earth elements may be classified according to their solubility in a cold 
Baturated solution of potassium sulphate as follows • — 

(a) Those practically insoluble (La, Ce, Pr, Nd). 

(J) Those sparingly soluble (Sm, Eu, (Hd, Tb) 

(c) Those more readily soluble in that solution than in iiuic water 
(Dy, Y, Kr, Tin, Yb, Lu, Ct). 

It might therefore be anticipated that a sharp separation of the cerium 
and yttrium gioups could be effected by shaking a cold solution of the 
sulphates with potassium sulphate in excess , and that the bulk of the 
terbium group would accompany the cerium group. Such, however, is not 
the case. The precipitated double sulphates are found to be contaminated 
with a certain quantity of the yttrium group. Further, the filtrate is found 


1 On the prepaiation of pure ceria, see es|)ecially Steiba, Ann i%im. Phys., 1901, [viii.], 
2, 193 , Wyroubolf and Veincuil, ibut., IS'OS fvm J, 9 , 333 ; Dm.sabiich, Pei , 1900, 33 , 
'8606 , R. J. Me.voi, Zextsih. anotg. Chem. 1903, 37 , 378;’ Ihauncr and r».it 0 k, ibid., 1903, 
34 , 103 , 111 aimer, ibid , 1903, 34 , 307 , Ncish, J. Amer. Chem <SV , 1909, 31 , 517. 

® KUpioth, iiwn. Cfiim., 180H, [ 1 .], 49 , 256 ; Ber/elius and lliaiiiger, ibid , 1803, [ 1 .], 
50 , 245, Berzelius and Gahn, Srhiveiygcr^s J., 1814, 16 , 250, 404; Beihn, Pogg. AnnaleUf 
1834, 43 , 106 ; Mosauder, Phil. Mag., 1843, [ 111 .], 25 , 241. 
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to retain a considerabk* portion of the terbium and iippreciablo (pihntities of 
tlie cerium group, paiticularly neodymium^ and samarium salts, for the 
double sulphates of the latter elements are appieeiably .soluble m the presence 
of much yttrium sulpliate, and, in addition to the soliilulities of the double 
sulphates of the terbium group being augmented, these double .salts aie only 
slowly formed. 

The double sulphate separation, then, can only be rt‘g:ii(led as a pioecss 
of fractionation It may conveniently beeaiiied out b\ adding linely-divided 
potassium sulphate continuously to a cold dilute .solution of the nitrates, 
chloi ides, or Hulphate.s contained in a till \esscl and Mgouiiisly stnied by a 
water-tuibiiio , - or a hot satuiated .solution of piil.issiiim sulphate may bo 
Bill red into a cold .solution of the i<iie e;iith salts 'I’lie wlmlc is allow'cd to 
Bland, with occasional shaking, until the piesence of “ilidymium” in the 
li(piicl (as mdicatcrl by its absonition-spectruin) can .soaici'ly be detected. 
The precipitite is then filten'd ofl and washed witli a cold satuiated solution 
of potassium sulphate The earths in the liltiateaie them [uccipitated either 
as hydi oxides or oxalatc.s. 

Instead of using potassium sulphate, the moic soluble SOdlum SUlphatC 
has been iiNed, and, indeed, is said to be juefer.ible * Tlie linely-powdi'red .solid 
18 stiried into a tim per cent solution of the rare eaith chloiides, nitrates, or 
Bulphati's Caie must be taken, howe\ei, not to add an unduly huge excess 
of sodium sulphate owing to the possibility of thereby precipitating yttrium 
as the double sulphate 

Tlic inveedinu method is not very satisfactory when the ccinini group 
predominates \ery l.'iigely ovei the yttrium grouj), e f/ with the monazite 
ea^tll^, and one of tlic following altiTiiative processes may bo adopted : 
(«) The potassium siiljihatc metliod is u.scd, but the prceijiitant is added 
slowly, and in «piantity insnllieieiit to precipitate all the ceiiiim grou]) By. 
leaving a consKlei.ibh' amount of the neodymium m the solution, jiractieally 
none of tli(‘ metals of the tcibium and yttrium groujis are jirecipit.ited The 
cartlis in the liltiate arc pieci[)ilate(l as oxalates, converted into double 
inagne.sium nitiatos, and fiaclionated fiom dilute iiituc acid until the final 
mothci liquor lefuses to crystallise. The crystals contain the ceiium group 
up to neodymium, the mother liquor contains samaiium ami the leibium 
and yttinim gioiips. Tlie further treatment of tins lnpior may be earned 
out according to the pioceilure de.scnbed latei for woiking up the final 
fractions (8) of the double magnesium nitrates (seep (8) The entire 

material may be fractionated by the double magnesium nitrate method, the 
terbium and yttiium gioups lapidly <*oncentrating in the most solulde 
fraetiona (c) A solution of the sulphates is prejiaiod, a eoiisideiablc exeesa 
of sulidmric acid added, and the liquid warmed slightly Tlie bulk of 
the cerium group is thus precipitated as sulphates. The filtrate is partly 


' Bo^^doiianl, Cnmiit , 1898, 126 , 900, IlitU. Hue rhivi , 1898, [iii ], 19 , 382 ; 
UibdUi, Hull Sue rhini , 1898, Liu.], ig, 1581 , ^/in C/iini Phijs , piOO, [vii J, 19 , 251. 

Jlcniiifl and (Jliaiiiot, ./ Amfr. Chem Soc , 1897, 19 , 799 * 

^ For modifications of the piocpss, spc Urtlciidorf, Annalcn, 1891, 263 , bH , Maiigiirflc, 
Ann ('him. Phyn , 1880, fv ], 20 , 535 , Aluthinann and Rolig, Jici., 1898. 31 , 1718 , Lecoq ; 
de Boisbaudran, CoviiU tcml., 1886, I02, 902, 1003 ■ 

* Gifibs, Amei. J. Hu . 1864, [ 11 , ], 37 , 354 ; Dolafontainp, Compt. rrml , 1881, 93 , 63 
Smith, Amer Chem. J , 1883, 5 , 44, 73 , Diossbach, Ber., 1896, 29 , 24’i2 , 1900, 33 , 3506 ; . 
James, J. Amer. Chem Soc., 1908, 30 , 979 , 19.] 2, 34 , 757. 

® Sec p. 433 and fig. 42. 

* James, J. Amer. Chem. Soc., 1913, 35 , 235. 
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? of The remainder of the cerium and nart 

'"'Sl w ^ thereby separated as double sulphates ^ (d) The 

^ Jhe iurorihe (P- - applmdm:Zlo-pric1!,i2: 

' in solution * ®>‘u>n troiip, t e yttrium and terbium gioups remaining 

■ as fm'‘eT-.nIn^“"'ff predominates in a mixture of rare earths 

M, for example, in the earths extracted from xenotime or iradolmite TtZ n 

, strongly rocommends the fractionation of the ethylsulohates as hpimr i-Ha 

01 ciystallisaliona. Ihc separation docs not occur in serial ordci- T1 ,a 
ppnnf *”^****^ ^ separates first. The lanthanum salt, tlie most soluble in the 

. Iff 

fir r cr “iS s 

.^= £ rerX” r£"”;,;:r 

Jnd lutechi'm ytterbium; 

■ fb« Ur'iain, the preceding metliod of fractionation also constitutes 

■ the best as yet available for circctiiig tlio .eimmlwn of the Mi ZZ Vt yT, 

' ZZ, the ethydsiilplfate fractions rlma I 

wmoval of those containing laiitham.m aie submitted to furtl or serms of 
fractionations The more soluble fractions may bo set as^c as soon ^ 

fre*^ from^v 'tm®^ “ P"*'® P*"’® P'"'' tint entirely 

free froin any trace of an orange tint In this manner the yttrium uroiin 

I y be completely freed from the terbium group.® An excellent altenuih'vA 

■ ** ‘m®, crystnllxsatioii of the bromates (see pp SIS, S.'il ' 305 - 6 ) 

■ Kl ^^1 methods, resembling one another closely, whereby a reason 

^re^sar “P'‘™“'”* ®®""'"> Pr»»eodvmi.^;,,! and iZmm 

■ em^sK™' “™’ R"''’®’'""'™* «tc., can be quickly effected. The first 

yp AS Q3)2-^'^H^>Q from nitric a’cid of density 1-3, and 

‘ By mens of thou spaik spitra ’ ^ 4 . 66 
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IS known as Benmr^ayh Method tho second, duo to Lacombe, consists lit;' 
fractionally crystallisnig Lite double manganese nitrates m a similai^ 
mtinner.2 These double salts separate in serial order, and it will bo 
from an inspection of tho table of solubilities (p. 2G0) that in passing from ' 
neodymium to samarnim there is a large increase in solubility lly either of 
tho preceding nietlKxls sainarnini, enropnnn, etc , i.ipidly concentrate in the 
most soluble fractions, which acipiire an orange colour and show the principal 
absorption bands of samarium 

The methods of Dcniar<;ay and Lacombe may bo regal ded as methods for 
iepaiahny i}n‘ cerium and terbium groups^ although samatium, which is always 
classed with cerium, accompanies the terbium gioup of elements; they have 
other uses, however, as w'lll be seen later ‘ 


The Separation op Lanthanum, Praseodymium, and NiccmYMiuM. 

In order to accomjilish this separation, recourse must bo had to methods 
of fractional crystallisation The separation of prascodymia from ncodymia 
by methods depending on ditrorences of basicity seems to bo almost impossible 
to effect. 

The method by which lanthanum and “didymium” were tiist separated ‘ 
was a crystallisation ploce^s, utilising tho sulphates for the purpose, but the^, 
caily w'orkeis never canicd out the sepai.ition m a sufficiently prolonged and 
.systematic manner to re.sohe the “didyinuim” into its comjionents. Subso- 
quently, llie method e:avc ])lace to a basic one, namely, fi actional precipitation 
with ammonia, and thus it ha])|M‘ned that the scpaiation of samarium from, 
“didymium” pieceded by .some six )eai8 the discovery of piaseodymium an(^ 
noodymuim 

A Separation by Fractional Crystallisation.— The following salts 
have been utilised for tho purpose . — 

(i ) Nitrates,^ M(N 03 ), 511.^. 

(ii ) Double arnnionium nitrates,® M(NO.).^ 2(NTr^)N<)3.4ir.20. 

(in ) Doulilo sodium nitrates,*^ AI(N().^).j.2NaN(),, ./ll.O, 

(iv) Double magnesium uitiate.s," 2M(ND3), D. 

(v ) Double manganese nitrates,*' *JM(N() 3)3 3Mn(N()j)j ‘illl^O 
(vi ) Chloiides,^* 7H./J. 


* Doinar^iiy, Compt, rnul.^ 11*00, 130, 1019, 1186. 

JjiicoTiibe, Hull Sar cki7n , 1901, fill ], 31, f)70 , Chrm. Neirs, 1904, 89, 277 
’ Fur tho utility of the dimethylphosphates stcJ C Moigiin and C .hiinrs, ./ /Imer. ’ 
Chem. Sue , 1914, 36, 10 Fmelion.d juecipit.ition of the formates iind lactates in ai etone \ 
solution has bn-n suggested by Haim hey, ibid , 1912, 3^, 1174. 

* Deiiiai^My, Compt lend , 189'>, 122, 72b, 19*0, 130, 1019, Kelt uinl I'lzihylla,. 
Zeiti^ch. anoiif Chem , 1905, 43, 202 , Buxtei and Chapin, J Amer Chem Soc., 1911^,^ 

33, 1 ' 

» Mcudel^eff, J Jluis Chem Sor , 1873 , Aniialeii, 1873, 168, 45 , Ann von Welshach, ' 

Monatsh , 1885, 6, 477 . Sitzinu/sher K Aknd. H isi JCieu, 19' 3, II2, u , A, 10 J7 ; von ' 

Sfheele, Her., 1899, 32, 4ii9 , Iieniiis and (ffuiinol. J Amer Chim’ Sul , l!'97, 19, 799; 
Baxter and rhiipin, ibid, 1911, 33, 1 , Baxtci ami .Strwait, ibid , 191.5, 37, ,510, 
landpr, Her , 1892, 25, 378, .'.69 i 

® Aupi von Welhluch, loc cit , von Schorlp, loe til 

’ Dcniai^'ay, f'ompt rend, 1900, 130, 1019, 1185, Dnmsbach, Her , 1902, 35, 2826^; 

Miithmann and Weiss, Annalen, 1904, X31, 1 , Feit dinl I’r/u.ylla, Htdifih anouj, . 

1905, 43, 202. 

® Lacoinbo, Bull. Soc. rhim.y 1904, [in ], 3*1 570; Chem. Nein, 1904, 89, 277. 

* Baskeivillo and Stevenson, J. Amer. Chem. Soc., 1904, 26, 64. 



^42 ALUMINIUM AND ITS CONGENERS. 

' (vii.) Sulplmtes,' 

(viii.) EthylaiilphatcH,- 80^)3 OHgO. 

(i\ ) Eionuitcs,” M(Iiro,^)3 OHoO. 

(\ ) Ov.'ilsitps,’ M ,((y ),)i -fHoO. 

(xi ) Metaiiitro})cnz('n(‘siilphoii;itea,® M[fyi4(N0.2)S03]3.6H20. 

(xii ) DoiiMe potassium carbonates,® K.>C02.M.,(C03)3.12H20. 

(xiii.) Piciate.s ,7 M[C,H,(N02)30]3. 

Tho doublo nitrates, sulphates, ethylaulphatos, bromates, piciatea, and 
metamtroben/iMU'sulplmnatos may bo crystallised from water, but the doublo 
ammonium, sodium, and manganeso nitrates aro beat cryatallised fiom 
strong nitric acid, in winch they are much less soluble than in water The 
chlorides are crystallised from concentrated hydrochloiie acid, the oxalates 
from dilute nitric acid, and the double carbonates from aipieoua potassium 
carbonate. 

The sulphatca must be dehydiated, dissolved ki ice-cold water, and 
crystallised by warming the solution to .S 0 “- 10 “. Tho double carbonate 
method is earned out as follows — A 20 per cent solution of tho chloiides 
is poured drop by drop into excess of 50 per cent, potassium carbonate, 
whereby a solution of the double carbonates in potassium carbonate is 
obtained.^ Tho double salts arc fractionally preci[)itated by successive 
additions of water; they sopaiatc slowly, and readily form supei satin ated 
solutions The oxalates may be suspended in watei, tho latter heated to 
boiling, and mtiie acid added with vigorous shaking until complete solution 
is ed'ectod. The liquid is then rapidly cooled, being agitat(‘d throughout the 
process. Another metluMl is to aiidify strongly a solution ot tho nitrates 
with nitiic acid, and droj) oxalic acid solution into tho neaily boiling nitrate 
solution until the ])rccipitate that first forms no longer ledissolves. The 
liquid 18 then cooled as befoic. 

The Older of separation is as follows, tho leaxt soluble being placed first — 

Double nitrates La, (Co), Pr, Nd ; Metunitrobonzenc- 

aulphonates La, (Ce), l*r, Nd 

Ethylsulphates Nd, Pr, T.a ; Oxalates “ Di," La 

Ilroniates Nd, Pr, lai , Sulphates lai, NM, Pr 

Nitrates Nd, Pr, (Co), La; Double carbonates La, Pr, (Ce), Nd. 


, * Mutliniann and Jlolig, Ikr , 1898, 31 , 1718 , cf. Mo^'andei, ritil. May , 1843, Lm,], 23 , -* 
241; ^nn Chim Phtts , 1814, [ 111 1, li, 464 , Poyq Annahn, 1843, 60 , 297, Mangiiac, 
Ann. Ch\m Phjp., 1849, [m ], 27 , 209; 1803, [111 ], 38 , 148, Watts, Q J. Chem. Sor , 1850, 

2 , 140; Holziniinn, J ptakt Ch^m , 1858, 75 , 321 , Czudnowicz, ibid , 1860, 80 , 31 , 
Bunuen, Poqq Annalen, 1875, 155 , 230, 366; Hillebraiid and Norton, ibid., 1875, 156 , 
466; Freiiclis, B>’r., 1874, 7 , 798 ; tViirbsaiid Smith, Annalen, 1878, 191 , 331. 

® Urbdin, Compt. rend., 1898, 126 , 835, Bull. Soc (him , 1898, [m ], 19 , 376 ; Ann. 
Chim. Phys., 1900, [vii ], 19 , 184. 

5 James, J. Amcr Chem Soc., 1908, 30 , 182, 979 , 1900, 31 , 913 ; 1912, 34 , 757. 

* Mosander, loc. cit., Maiigiiac, loc at ; Hunsen, loc. cit.', Zschn’sclio, J. prakt Chem., 
1869, 107 , 65 , Hraiuif'r, Trnns Chem.. Soc., 1882, 41 , 68 ; 1898, 73 , 951 ; Monatsh., 1882, 
3/1 ; Uib-un, Ann. Chim Phys , 1900, [vii.], 19 , 226. 

Holmbprg, Zeii.ich. anoig. Chem., 1907, 53 , 83; Bihnnq K. Svenska Vet -Akad. 
^Btandl., 1902-3, 28 , u , No 5 ; Gamier Arih Sri. phys. not , 1915, [\i ] 40 , 93^ 199. 

/ • Hiller, Inauqural /Iissf'r/niKwi (Beilin, 1904) , R. J Meyer, XeiUch anortj Chem., 
Ji8p4, 41 , 97 , cf Drossbach, Ber , IfiOu, 33 , 3506. 

KV'J beiiTiis nnd Rhodes. J Amer. Chem. Soc., 1916, 37 , 807 , cf. Dennis and Bennett, 

I., 1912, 34 , 7. 

^ One hundred grams of lare eai'tlis require about 1250 giams of the carbonate solution. 
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B. Other Methods of Separation. — Tho following are among tha 
more important of those processes • — 

(i ) Fractional PrecipiUition with Ammoiua^^ Sodium 11 ydroxide^^ or 
MivjucAia .^ — By tlic giiulual addition of magnesia to a hoiling solution of 
tlie nitrates until the liltiate no longer evhihits the absorption speeliiini of 
“didyiniuni," a solution can be rapidly obtained ismtaining lantliamiin (juito 
fiec fioni “didyniiuin ” TIio yield, however, is \ery poor. 

(ii ) Auvr von Welduttfis (hide Method — By tins process a faiily lapid 
separation of lanthanum and “didymium’’ is olitaiiied It is founded on tho 
fact that lanthana IS a stronger base than “duUmia” One hiindied grins, 
of mixed oxides aie dissolved in the mmiiniim of nitiie acid, and the solution 
diluted to c c. , another 100 gnus of oxide are sin icd up with 100 c.c. 
of water and iioiired into the nitrate solution. Ohemieal change soon eoin- 
mcnces and the mass becomes warm . it is then heated on the steam-bath, 
with frequent shaking and stiiiing for some time, diluti'd to llOOe, <*, and 
allowed to stand for twelve houis The ]necipitat(‘ is iilteied and waslied 
with water It contains tho greatm- pait of the “didvimnm,” most of the 
lanthanum being in the filtiate In subse'pient fractionation more than half 
the eaiths sliould be left as nitrate.s at the lanthanum end and less than half 
at the ‘‘didymium” end ‘ 

(ill ) Ptromposition of (he Xif rates.''* — The mixed nitiatcs are mixed with 
excess of potassium and sodium nitiates, and heated to 4‘20“-4()0“ until part 
of the liiie eaith nitiates ha\e been decomposed Tho mass is then extiaeted 
with w.it(‘i, when a kmiIuo of basie “dahmium” nitiati', })iactie.illy fiee 
ficm l.iiithanum, is obtained If theaipieous extiactis pink, it is e\a])()ratcd 
todi\nes,s and the fusion lepoated, until evi'iitually a practically (‘oloiiilesa 
lilti.ite IS olitained Sepaiation into eiude lanthana and crude “didymia" 
apidly olleeted in this mannei, but puio lanthana cannot bo thus 

(iv.) Fractional rrenpitatum of the Chromates.^ — The oxides are dissolved 
in chromic acid and pri'cijiitated in dilute boiling .solution with potassium 
chiomate Tlie order of pieeipitation is Ce, La, IT, Nd, Sm 

(v ) Fhrtioh/Mi^ of A<im’ons Salt Sol iif ions ’^--W'hL'w an a(|ueous solution 
of tlie chloiides or nitiates of the laie eaith elements is electrolysed, a pre- 
cipitate of mixed hvdroxid(*s appeals at the cathode By removing this 
precipitate from time to time, a fiactionalion of tho raic earths in the order 
of their basic stiengths may be ellocted, the w’oakest base jneeipitating first. 


’ Maiigiiac, Ann t^him Vims . [m 1,38, 118, IIcnimiiTi. J pmkt f'funi., 1801,. 
82, SS.T , Kik, Jaliifd/fi., 1870, ji 010, Btil/ Sne (hue, 1.S71, (11 |, 21, 190, 

•J415; [11 ], 39, i:.l, ‘28't , IRSf., |u ), 43, 3.^*9 , lliaunn, Miowtsh . 3, 1 486 ; 

Trans Chnn AV , 188‘2, 41, OS, 18s;, 43 , ‘278, KumicIis .iiid Suntli, Annalcn, 1878, 
191, 331 

* l)ii)<;sljach, Her , l.^'QO, 29, 21.^‘2 , Chnn .\nis, 189'>, 74, 274 , Ib.iuinT und PavlfCelc, . 
Trans <,%m. Sue., l*io2, 81, 1243 

3 iMutluiiaiin and Rolig, Her , 1898, 31, 1718 ; R J. Meyer and Marckwald, Her , 1900, 
33, 3003. 

* Auer von Welsbach, Monatsh , 18b3 4, 630; 1884, S» L 508 , Srhottl.inder, Bar.^ 
1892, 25, 378, r)69 

® li.inaiur and Devilk*, Vumpf rnut , 1861, 59, 270, liell .SVw rh\m , 1861, [n.], 2, 
339 ; Bettendorf, Annahn, 1890, 256 l.'»9 , Scliul/eidM'igiM, rnnl 1898,120, 1148;. 

Uibaiii, Ann. i'him Vhys , 19U0, (\ii.k 19, 2Ja , Bmuiiui and l'a\lkLk, he rit. 

® Bulun, Zeitseh angeic Chnn , 19a‘2, IS 

’ licnins and Lcnion, J Amtr Chem Soc,, 1915, 37, 131. DciiniB, V.S.A. Patk^ 
No. 1,116,513. 


may be 1 
obtained 



! This method givdS a rapid separation of lanthanum from piaouuuj iiiiuiij VA 
‘.Jdidymium.” It is convenient to use a solution of the nitrates contained in 
a tall jar, at tlie Ixittoin of which a layer of mercury, kept in constant agita- 
tion by nic.ins of a sticani of air, serves as the cathode , a platinuin wire may 
‘ be used .is anode The current should bo adjusted so as to obtain a suitable 
rate of precipitation. 

(vi ) Miscellanfous.^ 

C. General Method of Procedure, — The separation of lanthanum, 
prasoodyniium, and neodymium is best etlected m a series of stages by the 
fractioii.ition of the double nitrates. The procedures recommended by 
Urbaiii and by James are practically identical ^ Thoria and ccria should 
have been eliminated, and also the greater part of the earths of the yttrium 
group The earths to bo fiactionated (prepared from the oxalates by ignition) 
are dissolved in tlie minimum of nitric acid, an etpial amount of nitric acid 
is neutralised by magnesia, the two solutions mixed and evaporated until 
small crystals form when a current of cold air is blown on the surface. A 
little water is sprayed on the surface, and the whole allowed to stand for 
twenty- four hours. An initial sepiiration into crystals and mother liquor 

■ is thus odectcd,. The further fractionation is .then earned on, using water 
for soh'^nt, as has been previously desciibed (p. 323) 

The most soluble fractions rapidly undergo change, developing a yellow 
colour and showing the absorption spectrum of samarium All the eibiiim 
fl.nd yttrium salts present also concentrate into these soluble fractions The 
' fractionation of the double m.igiiosium salts is continued until spectroscopic 
examination indicates that the soluble sainaiinm fiactions are ueaily free 
from neodymium; a result that is brought about compaiatively lapidly. 
.’After fractionation has been carried out for some time, it usually happens 
that the final mother liquors cryst.illisc with groat difficulty, owing to the 
.accumulation of soluble impurities in them. The soliitions are tlicn diluted, 

■ the rare earths piocqiitated with oxalic acid, washed, reeonvertt‘d into the 
double magnesnim iiitiates, and the fractionation continiied. When the 
purified, very soluble, double nitr.ites again refuse to crystallise, it is due to 

-the accumulation of the simple uitiatcs of the yttrium group m the final 
.liquors. The further treatment of these soluble fractions is described later 
349). 

Ill a comparatively short time a practically complete separation of 
'neodymium from samarium may be effected, and the fractions classified 
^'According to their composition into four groups, which, commencing with 
Vtlie least soluble, are as follows — (a) Crude lanthanum and piaseodymium 
salts, tlie sepaiation of laiithamim from praseodymium not having pioceeded 
iiVeryfar; (/3) praseodymium and neodymium salts (i.^. “didyiuium” salts); 
4 ( 7 ) crude neodymium salt ; and (S) samarium, europium, and gadolinium 
^agnesium nitrates together with the simple nitrates of terbium, dysprosium, 


’ 8 m Msrignae. j4nn Chim. Phys., 1849, [lii.], 27> 209 ; 1858, [ul], 38 . 148 ; Riimnioli- 
Pogg. Annnlen, 18r)9, 107 , tiSl , Beilin, Inaugural Dissertation (Guttin^'un, 1864); 
Ber.^ 1874, 7 , 798 ; Krenchs and Smith, Annalen^ 1878, 191 , 331 ; Biauner, loe, . 
jnSp^ttersson, Zeitsch anorg. Chem , 1893, 4 , 1 ; von Schurle, xbid., 1898, 17 , 310; 

Bfr., 1902, 35 , 28 i 6 ; Bi owning', Ckem. News, 1014, XIO, 49; Compt rend.^ 
1670; Stoddart and Hill,, J. Amer. Chem. Soe , 1911, 33 , 1076; Baskcrville . 
[^U^uireiuiiie, ibid , 1904, 26 , 46. 

Jam* 8 , t/^. Amer Chem. Soc., 1912, 34 , 757 ; e/. ibid.^ 1908, 30 , 979 ; Urbain, ' v” 
nhata . 1006 A 67 . 
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'holmium, yttrium. Of the rare earth elements in (S), all hut yttrium are 
rare in comparison with lantliamim, piaseodyiniiim, and neodxmium; 
samarium and gadolinium are the most uhundant. 

The fractions (a) are now fnctionatod by Auer von \Vclsha\;h s method, 
for which purpose they arc converted into double ammoninm mtiates and 
dissolved in water containing one-tenth their weight of mine aeid 'I he 
double nitrates aic then methodically fractionated, in cacli i.ise, aftci de- 
canting mother liquor from one fraction to the next, the ci\st.ils mo washed 
with a little coneciitrated nitric acid and the washings also adili'd to the next 
fraction. Tins is the bi'st general proceduie for the piejimatnm of jniro 
lanthanum and praseodymium mateiul Fiactionation may be earned 
out from aqueous solution simply, but pioceeds more lapidly m the jiieseuco 
of nitric acid ^ 

Each of the fi actions (fi) is converted into the double manganese nitrates, 
and the fractionation continued fioin nitnc acid of density I’.'J. The 
greater pait of the salt present in a fraction should be sepaiated at each 
cryst.dlisation, so tliiit each mother lirpior is small m volume com])aicd with 
the volume of tin* ci\stals. This proceiluro is tlic most i.qnd yet known for 
the separation of praseodymium from neodymium, and enables the fiae- 
tionation to be conlimied and pure salts sepaiated at each end until the 
Intel mediate fractions me jiiactically insignificant 

The neodynmim fractions (y) arc fractionated still fuitliiT for the pro- 
paiation of ])iiie neodymium salt, any pra«eodymiuin still pu'sent passing 
into the least soluble, and .iny saiiiaimm, etc , into the most soluble poll ions. 
According to J)eman,ay, the elimination of samaimm from iieodjnmim by 
this metliod ro(|mre'' only a few da\s’ woik on four fractions It is even 
more lapid, for tin* elimination of bolli [uaseodyimnm and samarium, to 
convert e#ch of the (y) fiactmns into the double mang.nieso nitrates, as, 
with (P), 

M’hc further treatment of fractions (5) is described later (p 349) 

D Purification of Lanthanum, Praseodymium, and Neodymium. 
-T-Tjanthamim ammonium mtiate may bo obtained in a high state of jimity 
by prolonged fi\ietional crystallisation, the last truces of piascodMiimm salt 
concentiatmg in the most soluble fractions The most rapid metliod for the 
elimination of a little praseodymium fiom a ueaily jime lantliamim pro- 
paiatioii IS said by K. J Meyer to be the double eaibonate ineLliod. The 
following process is recommended by James for the final purification ^ 

The double amnionium nitrate is dissolved m water and precipitated with 
oxalic acid The oxalate is heated with concentrated sulphuric aeid and 
theieby converted into the neiitial, anliydious sulphate The powdered 
salt 18 slowly added to ice-cold w’atei till a saturated S(>liiln)n is obtained, 
after which it is filtered and heated to 32°. The hydiatud salt which 
separates out is washed with hot water, dehydrated, and the crystallisation 
ropeatoil. The rajiid ebmm.ition of traces of praseod}nimni by this method 


* This method was the fust by means of whuh inaspodynuum niid ncodyniimn were 
’ sepal nted. It is not, lu'wever, the best method fm that purpu^-e 

® Muthniann and Weiss liave sepaiated luntliainiin, piaseodyimiini, and neodymium 
very satisfictonlv merely bv piolongurg the fraetioimtion of the double niagiicsiuni nitiates; 
Felt and Przibylla also reconiiiieiid tins process, and ])A)])ose the addition of ceioiismag- 
rtiesium nitrate from time to time to the most soluble fiaelions, to aid m the separati 6 n 
329). 

i?,' a ^ James, J. Amer. Chem. JSoc.f 1908, 30 , 979 ; 1912, 34 , 757. 
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is due to the fact that lanthanum and praseodymium sulphates are not 
isomorphous. A pure lanthanum salt yields a pure white oxide, and 
when converted into tlie nitiatc or chloiidc and examined through a thick 
layer of concentrated solution exhibits no trace of the praseodymium 
absorption bands. 

Praseodymium material may be contaminated with lanthanum and neo- 
’dyniium The last traces of lanthanum arc best removed by a process in 
which they accumulate in the most soluble fractions, e (j. crystallisation of 
the cthylsulphates, bromates, or the simple nitrates.^ Crystallisation of the 
oxalates from nitiic acid is also a \ery expeditious method According to 
Brainier,- pure praseodymium tetroxide, Pi’jO,, sepiiratcs when the nitrate is 
fused with nitre at 400°. The last traces ot neodymium may be removed 
by the piolonged crystallisation of the double ammonium, magnesium or 
manganese nitrate, or by the double carbonate method (p. 312). 

According to Baskcrvillo and Turrcntino, pure praseodymium material is 
readily obtained in one operation from an impure material containing not 
more than 10 per cent of lanthanum The hydroxides are precipitated with 
ammonia, thoroughly washed till free from ammonia, dissolved in an lee-cold, 
saturated solution of citric acid, and the solution liltored and heated to lOO” 
Normal praseodymium citrate separates as an amorphous giccii powder, which 
is filtered off and washed with hot watcr.^ 

Neodymium material is liable to contain praseodymium and samarium. 
The latter, however, may be eliminated very easily by the ciystallisation of 
the double ammonium, magnesium, or, be.st of all, manganese nitrates The 
complete elimination of praseodymium is a very tedious opeiation , one of the 
best methods consists in the fractional crystallisation of the nitiatc from con- 
centrated nitric acid, which concentiates the piaseodymium salt in the most 
soluble fractions * Crystallisation of tho bromatc likewise (‘liminates the praseo- 
dymium in the most soluble fiactions Jkiskorville and Stevenson recommend 
fractional precipitation of the chloride from acid solution (by saturation with 
hydrogen chloride) as a ready moans of eliminating lanlhaniim and praseo- 
dymium chlorides® , while Ilolmberg and (larnicr purify neodymium matciial 
by fractionating the metamtrobeiizoate Stiongly ignited neodymium oxide 
has a beautiful blue colour , several tenths of one per cent of ])raseodyinia, 
however, do not affect the colour The ab.soiption bands in the blue aie 
sharply defined when a neodymium nitiate or chloiidc solution is free from 
samarium and praseodymium salt, but aie somewhat hazy in the presence of 
those impurities. 

Sepauation of Samarium, Europium, Gadolinium, and Terbium. 

The double potassium (sodium) sulphates of these elements are slightly, 
but appreciably, soluble in a saturated solution of potassium (sodium) sulphate, 
and hence divide themselves between the precipitate and the filtiate when 


• * Fioin nitiicttcid ; Kelt and Przibylla, Zeitsch. anorg Chem , 1005, 43 , 202. 

, ® BrauiiPi, Proc Chem Hoc.^ 1898, 14 , 70 , 1901, 17 , 66 . 

PiHbkeiville and Turientinc, J, Amer. Chem. Hoc., 1904, 26 , 46; ville, 

'Zeitsch, anorg, Chem , 1905, 45. 80- Tho method is adversely ciitici‘'Pd hy R J. Aleyer 

f d., 1004, 41 , 97} For anotler method of eliminating La, see Orloll, Che7n. Zeit 1 

7, 31 , 115 

* Baxter and Chapin, J. Amer Chem. Soc , 1911, 33 , 1. 

' Baskerville and Stevenson, J. Amer. Chem. Soc., 1904, 26 , 54. , 
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the potassium (sodium) sulphate method is used to effect a separation of the 
cerium from the yttrium earths If the sulphate method be applied in such 
a manner as to separate the cerium double salts in a senes of fi actions, 
samarium, europium, t'adoliniiim, and terbium may be conceutraU'd iii the 
final fractions It was by opciatiiig in this manner that Lecoij de lloisbaudran, 
the discoverer of samarium, was able to concenlrati' samaiimn with 
“didymium,” and afterwards scpaiate them by vaiious pioccsses and a 
similar method of experimenting led M.iiignac to the discovciy and isolation 
of gadolinium.^ 

The methods which have been applied to ctrect tin* sepaiatioii of samaiiiim, 
europium, gadolinium, and terbium from one anotlier or fiom the elLMiients 
of the cerium and yttrium groups are as follows — 

A. Fractional Crystallisation.- -The following salts ha\o been 
utilised — 

(i ) Formates, 2 ^(0.00 in.<a"Hof), fiom w.itci 
(ii ) Ox.ilates,^ V^):^ *11 A dilute mine acid 

(ill ) Kthylsiil])liates,^ M(t VC, h (p .' 1 10 ). 

(iv ) Nitrates,” M(N( ).,).. 511^6, from nitno aiud of density 1 .‘1 
(V.) Double magiK'sium mtiatiV -M(N'D.<).j d\Igl NO j)_, J I fiom 
nitric acid ( 1 3) 

(vi.) Double manganese niti.ites," 2M(NO,), 3Mn(NO,).^ 21 II ,D, fiorn 
nitric acid (1 3) 

(vii ) Double niehol nitrates,*' 2.M(NO,), 3Ni(N0.,).j 2 III ,0, fiom nitric 
acid (13) 

(\iii ) Picratcs," M[0 (\.II..(N().,).,1, iH..O, fiom water. 

(ix ) Metanitioben/.enosiilpbonates,'^"* M[(\ D^(NOo) S( ),], 11 ,0, fiom 
^ wati'r 


1 Locoq do lioisliaudiaii, rend , 1879, 88 , V22 , 1x79, 89 , 212 ; Muiignac, Arch. 

Sci phys. nat , ISHO, (m.J, 3 , 4i:J, Compt. )end , 1880, 90 , 899 , Ann i^httn rhy<t., 1880, 
fv.], 20 , 

J Delafoiitaiiip, Arch S<i pftiis nat , 1877, 59 , 170 , 1878, 61 , 273 , Ann ('him. Phyg., 
1878, [v J, 14 , 238 , Maiignac, /f« nt , Kiiissaiid JIofni<iiin, nnoni r/ej/i,lH 93 , 

4 , 27, Full, 'ilad , lOUO, 43 , 207 , lU-tlciidoi f, Annafen, 1907, 352 , 88 , Url>am, Ann. 
Chim I’hi/s , 1900, fvii ], 19 , 1S4 

^ Ui'laloiitaiiie, Airh Sci phys nat., 1865, 22 , 30, 38, ls 78 , 6 l, 273 ; Ann. Chun. 
Phvs., 1878, [v J, 14 , 238, Maiignac, Anh. Sri. phys nat., 187«, 61 , 283, Ann Ohxm. 
Phij<f., 1878, [v J, 14 , 247 

^ Uibam, P>nll Soc rhnn , 1898, [ni.j, 19 , 376 , ('vmpt rend , 1898, 126 , 835 , 1904, 
I39i 736, 19i)6, 142 , 785 , Ann, (Jhiiii. Phys., 19'JO, Uii.], 19 , 184, J Chini. jihva.. 
1906, 4 , 334 ' * 

* Dein.iri;ay (^ompt rend , 1896, 122 728 , 190i), 130 , 1019 , Beaiedi- ka, ZrUsrh. anorg, 
Chem., 1900, 22 , 393 ; Uibain, Compf tend, 1904, 139 , 736; 1909, 149 , 37 , Kelt and 
Przibylla, Zeitsch amng ('hem , lO'Ti, 43 , 202. 

® Dcniurvay, Compt tend, 1900, 130 , 1019, 118.5, 1469, 131 , 313, lOnl, 13 J, 
1484, Uibani and Lacoinbo, ibid, 1903, 137 , 792, 1901, 138 , 84, 627, 1166, Ur)«ain, 
J Chim. phya , 1906, 4 , 31, 105 , Miilhiiiiiiiii and Weiss, Annalen, 1904, 331 , 1 ; Kelt and 
Pizibylla, loc. cU ; James and Robinson, J Amei. Chem. Sue., 1911, ^3 1363 , liolniberg. 
vide infra. ^ 

^ Laconibe, Bull Soc. rhim , 1904, [iii.], 31 , 570; Chem. Neus, 1904, 89 , 277. 

® Urbam, Compt. rend, 1904, 139 , 736 , 1905, 141 , 521; J. Chim. phya., 1906, 
4 , 824, 

® HolmUig, Bihang K. Svensia Vet -Akad JIandl* 1902-3, 28 , 11 . No 5 , Zeitach. 
anorg Chem , 1907, 53 , 83 , Di iiiiw and Bennett,/. Amer. Chun. Sue,, 1912, 34 , 7 : Deiniw 
and Rh-<d<s, lie/. 1915,37,807. 

Holnibeig, loc. cU. 
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(x.) Bromates,' M(Br03)j.9H„0, from water. 

(XI ) Dimethylph(«phate.H,i> iMI(CII,).,PO,], rH, 0 , from water. 

(xii ) Chlori(le.s,* MCI3.6H2O, from hydrochloric acid 

The solubilities of corresponding salts of samarium, europium, gadolinium 
tnd terbium usually incrc.ise m the order Sm, Eu, Gd, Tb With tin 
hniethylphosphat.os the reverse holds good; with the simple nitrates th 
. solubilities diminish in the order Sm, Eu, Gd, but the solubility of th, 
• terbium salt exceeds that of the gadolinium. In fact, from gadolinium ti 
luteemm and eeltiiim the “serial order” holds good (see p 327 ) 

. “‘-"s ”“1”— >- 

(i.) The double sulphates.^ 

' (ii.) The hydroxides or basic salts, by ammonia.^ 

(ill.) The stearates.® 

■ *1. terbium, samarium, and gadolinium are precipitated in 

w the order fb, Sm, Gd by ammonia, europium hydroxide pieeipitatcs before 
the hydroxide of sainariiim. 

- C. General Method of Procedure. -When the earths extracted 
from a iiimeial contain very little of the yttrium group and the fractionation 
18 commenced by the double magnesium iiitrato method without previously 
ehmmating the }ttnum group, the whole of the samarium, curopiuru. 
gadolimum etc , hnds its way into the holublo fractious (8) previously 

. meutiOM(‘(l (p. 3 U). If, however, the earths extracted fiom a mineral have 
. been initially submitted to the double sulphate separation process, the 
crude double sulphates of the cerium group contain probably the greater 
but not all of the samarium, euiopium, and gadolinium, and very little 
of the terbium, while tlio filtiatc contains the remainder of these eLmonts as 
. sulphates. From a mixture of crude yttrium earths the elements samarium, 
europium, gadolinium, and tcrluum may be eliminated in the least soluble 
fractious by fractionally ciystall^sing the cthylsulphates or bromates, as has 
been previously mciilioiied (p 340 ) 

In outliiiiiig the procedures best adapted to the separation of samarium 
europium, gadoliriiimj, and terbium, it is only necessary to describe the 
, method of working up the extremely soluble fractious ( 8 ) from the double 
. magnesium nitrate fractionation of the ceimm group (p 311 ) Head 

- from crude yttrium earths by the ctliylsulptiato or bromate 
method may bo converted into double mngncsiiiin nitrates and treated in 
' a similar manner.’’ 


* ^ James and Bisscl, J. Amer Chem, Soc., 1914, 36 , 2060 

wid C. Janies, J. Amer. Chem Sor , 1914, 36 10. 

* James and Missel, J. Amer. Chem Soc.^ 1914, 36 , 2065 ’ 

^ .. * i'*"’ ['"1 3 . Micompt. rend, 1880, 90 , 8»« 

Lccoq de Muisbaudran, Compt rend., 1879, 88 322 
y.iL®??*-. 1463 Delafontaine, Arch. iici. phys. nat ^ 1878, 6 l, 273 


;;;;R|ttendiiif, Anvalen, 1H9^', 270 , 376 , 1907, 352 , 88 . 
')W » Lec''- ® ' * 


\ Lecoq dp Boisbaudran, Compt rend , 1879, 88 , 322 . 89 , 212 , 1890, lii, 394 • Uibain 
' ^®tt.ndorf, Awialen, 1892, 270 , 376 , Benedicks, loe. cit. ; Holmberg/ 

.'^toddart and Hill, J Amer. Qhem. Sor., 1911, 1076. 

’ For more cumplete descn|.tioii 3 , see Uibain, J Chim. phps , 1906, 4 , 31. 105 fffeneran' 
rend^, 1909, 149,87 (Tb) ; Jamts, /. Amer. Chem. Soc., 1908, 30 , 979; 1912, 34 ^ 




The fractionation of the double magnesium nitiates (S) is continued from* 
aitric acid of density 1‘3, as recommended by Denuir^*ay. Tina is the best 
method for separating samarium, europium, and gadolinium. The fractiona- 
tion should bo continued until a considerable quantity of the samarium has 
been eliminated in the head fractions, free liom europium ^ Throughout the 
course of this fractionation gieat caie must be taken to prevent the depoMtion 
cf crystals of magnesium nitrate, winch are apt to separate out, since' that 
salt is less soluble than the double nitrates The solutions should thcicfore 
be allowed to cool down and form supei saturated solutions, and then seeded 
either w’lth liny crystals saved for the purpose, or, better, witli bismuth 
magnesium nitiate*'^ 

After as much curopium-frcc samarium as possible has been lemoved, 
consideiable quantities of htwiuth mwjnesium inflate aio continually added 
to the final mother lupiors as the fiactionation proceeds 'J'he material 
should bo separated into about 20 fractions and fi.ictioiiatioii eairicd on 
daily for about six months. After each crystallisation the \oliimo of tho 
mother liquor sliould be about one-fconth of tlie total volume Uy woiking 
in this manner on 611 grams of rare cjirths, which consisted almost entirely 
of samaiia and gadolinia, Urbaiii and Ijacoiiibc (p 327), the originators of 
this method, added in all about 5 kilos of bismuth uiagncsium nitrate. 
They eliminated the head fractions as soon as it was clear that they wore 
free from europium. Finally, after neaily six months’ fractionation, tho tw’O 
head fractions wore found to bo practically devoid of sainaiiiim and europium, 
i.e. they were practically pure bisinulli magnesium nitiatc ''J’he remaining 
fractions contained nmcli bismuth salt and the following amounts of rare 
earths (liead fraction was No 12) — 

No. of fraction . 11 15 16 17 18 19 20 21 22 etc ' 

Wt of oxides 0*537 1-01 I'oO 1*74 1‘50 1-80 2*7 12 7 29*() gramso 

Nuinbois 14 to 19 wore fieo from gadolmiuin, and iiuinU'rs 23 onwards were 
free fiom eiiiopium. Thus the eaiths extiactcd fiom fiaclions 14 U> 19 con- 
sisted of puio europia, and the inlerniediatfi fiactions between pine curopia 
and pure gadolinia had been reduced to three (uumbeis 20, 21, and 22) » 


’ Jiy cxainining the absorption spoctiuin ol tho double nitoili s, ineUt'd in ilu*ii water 
of ciyst.ilhsdtion, throui'h a thn.knc-ss of about eins (Ibe dianiclor of u litic Ibisk), and 
rejocling fiactions w'bn b do not aliow^ tlie two bainlB5337 and due to euiopiuin, con- 
Bidi'ialib' amounts of samarium but practically no curopinin m.i> be cliniiiialcd. 

^ It has been already mentioned (see p 344) tliat considerable tioublc in ly be c\])ciicncod 
in crystallising the most soluble ])artof tlie ( 8 ) fi.« tions owing to tlie fict that all tbeyttiiiini 
earths left in tbeciudo ociiiiin caiths become conccntralcd in tbcin. The folbm’iiig means 
are available (or eliminating the yttiium eaitli from these unciystallisable (lactioiis 
(i ) Convert into sulphates and apply the double sulphate method. 

(ii ) Coiivcit into the simple ntlralrs and fiactionally ciyslalhbc fi.Jin nitric acid of 
density 1-3 This cxcellc-nt method was stnmgly leconinuMidpd by Demaivay {Compt lend., 
1900, 130 , 1019), and has also been emjiloyed by James (/ Amer. Chem Soc , 191 J, 35 , 2Zb). 
The nitric aeid should not have a gi eater density than 1 3, or yttiiuip nitrate liibydrate, 
Y(N 03 ) 3 . 3 H 50 , may sopirate and cause trouble • 

(lii ) Add a large (luantity of bismuth magnesium niliale and fiactionally ciystalliae 
from nitric acid (Urbain and Lacombo, Compt rend , 1904, 138 , 84 , J. Cliiiu. phys., 1906, 

Without the addition of the isomorphons bisrauib salt, the separation of europniin from 
'gadohniuni requires 18 intermediate fiactions (Demarfay, see j) 347). The work of 
t Urbain and Lacombo has been repeated and veiihed by James and Kobiiison (p 347), Wha 
; ^ larger scale than the French chemists. 
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From the preceding description it will be seen that the separation of *■, 
samarium and europium by Urbain and Lacombe's method is quantitative. 
For the piiniicatioii of saiuarium it is necessary to eliminate the last traces 
of neodymium. Tins may be accomplished (i ) by the fractional crystallisation 
of a mixture of ccpial weights of the double nitrate of samarium and magnesium - 
and the double nitrate of bismuth and magrifsiuin, when the neodymium is 
eventually found in the head fraction/ (ii ) by the fractional crystallisation 
of samarium dimcthylphosphatc, when the neodymium is rapidly expelled 
in the most soluble fractions,- or (in.) by the fractional ciystallisation of 
samarium manganese nitrate from nitric acid.'* 

Tlie elimination of terbium from gadolinium is more tedious than the 
elimination of europium. The fractions following those which contain the 
europium are suitably treated to extract the lare caiths and to convert them 
into the simple nitrates. The nitrates are then tract lonated fioni nitiic acid 
of density 1 -11 m the piesencc of a large excess of hmnuth nitrate, Bi(N()g )3 fiHgO. 
The order of separation is Gd, Bi, Tb, (Dy), and a practically (piantitative 
separation of gadolinium and terbium can be brought about by piolongmg 
the fractionation for a sufficient length of time. The separation proceeds 
very slowly, but it is certain 

The purification of terbium is completed when both gadolinium and 
dysprosium have been eliminated from it. The elimination of the gadolinium 
has just been described ; at the same time that the separation ot gadolinium 
and terbium is proceeding in the least soluble fraidions, a veiy g«)()d, but not 
quantitative, separation of terbium and dysproMum simuUaneously takes 
place in the more soluble fractions, and, owing to the pic'senco of the excess 
of bismuth salt, the intermediate terbium-dyspro.sium fractions arc i educed to 
a very small amount 

The great objection to the method of the fractional crystallisation of the 
nitrates for separating gadolinium, terbium, and dvspiosium is tl'ie extreme 
slowness with which it effects the separation A much more rapid ami con- 
venient process is tlic fractional cry stall isation of the hromates, which separates 
gadolinium and terbium paitictilaily well. Moreover, it is voiy ])iobable 
that the separation can be conducted quantitatively in the presence of 
neodymium bromate. 

The best alternatives to the methods outlined in the pieceding paragraphs 
for the isolation of gadolinium and terbium are. (i.) the fractionation of the 
double nickel nitrates to elimiiicate terbium from gadolinium, and vice versa ; 

. (li.) the fractional precipitation of the hydroxides wdth ammonia to eliminate 
* the last traces of gadolinium from terbium prepared by method (i.) ; (lii ) the 
fractionation of the ethylsulphates to eliminate dysprosium from teibium , ■* and 
(iv.) the fractionation of the dnnethylphosphates, which rapidly eliminates 
terbium from gadolinium. 


The hjKPARATiON OF THE Yttrium Group. 


,, The metals of this group are distinguished from those of the cerium and 
- “terbium groups by the solubility of their double potassium sulphates in a 


'J - 


^ Uibainand La'combo, Compt. rend., 1904, 138, 1166; Urbain, ./. Chim. 2ihys., 1006, 4, 

^ J. C. Morgan and G. James, Amei. Chem Soc., 1014, 36, 10. 

’ Laconibe, Bull. Hoc. chin,, 1904, [111.], 31, 570 , Chem. 1904, 89, 277 
* Foi roferencea, see p. 351. 
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saturated solution of potaHtsium sulphate, and by the inability of their nitrates •' 
to foini double salts with the alkali nitrates or the nitrates of magnesium, 
zinc, nickel, cte. 

The separation of the elements of the yttiiuin gioup from one another , 
has, as yet, not been eflected so sati&factoiily as the separation of the elements 
of the other gioiijis Ibactieally all the methods that have been tried are 
mentioned in the following jiaiagiaphs, and an oiitlino of the exjiiTimental 
* proceduie is gi\en m the cases of the moie valuable methods 

A Fractional Crystallisation. — The following salts ha\c been 
employed — 

(i.) The ethylsulphtttes^ from water’ The utility of this valuable method 
is discussed later (pp. d55-G). 

(11 ) The InomateSj from water.* The utility of this method is also discussed 
later (pp .‘155-6) 

(ill ) The aretaieK, from acetic acid.* 

(iv ) The metamti ohenitmU'i^ fioni water ^ 

(v.) The tu(nite8f fiom stiong nitric acid ’’ The utility of this valuable 
method is discussed later (pp 356-7) 

(vi.) Thoilonh/f nntmonnim ojafntis*' The wet oxalates are dissolved in 
a boding, conceiitratod, slightly ammoniacal solution of ammonium oxalate, 
and the solution cooled in successive stages, the ciystals separating at each 
stage being collected bofoio piocccding to the next." 

(vii ) The nrety/dretonaies, from alcohol and benzene ® 

(viii ) The jHCKitrft, from water*' This is an efficient method for removing 
small anioiints of the caiths of tho cibiuin and yttiium groups from those 
of the ci'iiiim gioiiii and foi separating vttriuin from erbium and holmiuni. 

(i\ ) The rhlmitlcif, fiom concentiated bydiochloric acid.’'' 


* Uibain, JIu/l SiH iJnia , 1S98, [iii ], 19 , 370, Coiujtt. rend., 1898, 126 , 835, 1906, 

X 42 , 78.J , ^Inn ('hnn. P/uft , 1900, [\n |, 19 , 1^4 , (1 and K Uiluin, Compt. rend , 1901, 

132 , 130 , R .1 W uoniien, Z/tfsth aaonj Chun., 1913, 80 , 7. 

“ .lames, .7 Amu. ('hnn Soc . 1908, 30 . 1S2, §79, 1910, 32 , 517; 1911, 33 , 1332 ; 
1912 34 , 7r)7 , 191 1, 35 , 235 , Holden iiiid .fumes, ihid , 1914, 36 , 03H , .Tames ami BiHuel, 
ibid , 1914, 36 , 200*3 In tlie In.st of these lupiis, .fames mentimis that tho fractionation 
of the hroiiutcs IS supei lor to tho fiactionution of any of tho following salts — Sul))lnteB, 
suecinatcs, >anthates, inethylsulphates. piopylsulphatis, caniphoiulcs, lodutes, ihiocyanatcB, 
monochloi acetates, monolnornosiioc mutes, .ind <»hates 

I’obLiiis, Inauguuil Dii\nt(ttion (Munich Teih Inst., 1902) 

* Ilolniherg , Kern Min OioL, 1911,4, Nos 2, 10, Zvd'nh anouj CViim., 1011, 

71 , 220 . 

“ flcmai^'ay, Compt. rnid , 1896, 122 728 , 1900, 130 , 1019 , Urhain, ibid , 1907, 145 , 

759, 1908, 146 , ‘loO , IJidl boc chim , 1906, (ui J, 33 , 739 , lilumenfeld and Urham, 

Conipt rend , 1914, 159 , 323 , llolinheig, A/c cit. 

*’ Auei von Welsh.uh, Monntsh , 1900, 27 , 935, 1908, 29 , 181 , 1911, 32 , 373, Chem. 
N^eu's, 1907, 95 , 197 , 1908, 98 , 223 , llolmheig, luc rif , Ifolm.uin and Ihiigci, Her , 1908, 
41 , 308. 

^ For othei methods of fiactionatiiiK by iiic.ins of oxsilatcs, see Mosandei, Phtf. Mag., 
1843, [ill.], 23 , 241 , Del.ilontaine, Airh ,V(7 phi/'s nai., 18o4, 21 , 97 , Annalen, 1861, X 34 , 

99 , Clevo, Coinjd rend , 1879 , 89 , 419 , Lecmi do Boishaudian, ibid , J879, 88 , 322 ; 188e, 
103 , 627 ; Kruss, Annalen, 1891, 265 , 1 ; Uibaiii, Ann. Chun. Phys , 1900, [vii J, 19 , 184 « 

Marc, He?., 1902, 35 , 2.;82 , Dennis and Dales, J. Arne/. Chtm. Soc , 1902, 24 , 401. 

•* Uibuiiiaiid budiselioi .sk)^ Compt. rend., 1897, 124 , 618 , Uibain, Ajin. Chim. Phyn., - 
1900, [viij 19 , 184. 

* Holnibeig, Zcitsch. anurg Chem., 1907, 53 , 83 ; Dennis and Bennett, J. Amer. Chevi 
Soc., 1912, 34 , 7 , Dennis and Rhodes, ibid., 191.5 3 ( 7 , 807 , James, ibid., 1911, 33 , 1332. 

Dennis and Dales, J. Amer. Chem. Soc., 1902, 24 , 40l ; Langlet, Arkiv Kem Mtn. 
Oeol., 1907, 2 , No. 32 , James and Bissel, J. Amer. Chem. Soc., 1914, 36 , 2065. 





-ALtJMINlUM' AND uoNUB«iaitt» 


(x.) The dimeihfjlphoitphates, from water.^ This separation appears to Wv 
, very rapid one, and deserves hirther study. t 

B. Fractional Precipitation. — The following compounds may he 
ractionally precipitated : — • o j ' 

(i ) The hydmxuhi or haste salts, by the addition of ammonia,- sodium 
lydroxide,'^ aniline,^ or magnesia.® These pioccsses are \ery tedious, fhe 
nagnesia method is useful in removing small amounts of impurities from ^ 
yttrium, for which puiposc the magnesia is btiirod up into a “cream with 
.vater, and added gradually to a concentrated, boiling solution of the rare 

3 arth nitrates . , . 

(ii.) The chromates^ For this purpose the rare earths (le. the 
ire mixed witli the calculated amount of chromic acid, ayd water then added 
A violent reaction ensues and an aqueous solution of the dichromates is 
produced.- The liquid is diluted (about 1 litre per 50 grams of oxides) and 
10 per cent potassium chromate added until a permanent turbidity is 
produced The liquid is heated to boiling, and while healing by a burner 
is still carried on, a vigorous current of steam is blown through the liquid. 
By this means a constant volume may be maintained throughout the 
fractionation, which is cdectcd by adding 10 per cent, potassium chromate, 
drop by drop, from a tap-funnel. The precipitate is collected in a senes of 

^^^^The method is an excellent one for the rapid preparation of practically 
pure yttrium mateiial from a starting material composed of the cnide yttrium 
earths from whicli tho cerium group, and preferably the terbium group, 
has boon eliminated, Unfortunately it docs not seem to have any other 

practical use. g method, like tho preceding, enables pure 

yttrium mateiial to be obtained, but the yields are very poor. 

(iv.) Tho succinates.'^ A solution of ammonium or sodium succinate is 
added, drop by drop, to a 2 or 3 per cent boiling solution of tho nitrates, and 

the precipitate collected in fractions. . 

(v.) Tlie itcamies}0 a 50 per cent, hot alcoholic solution of potassium 


1 J. C Moimn anil 0 .larai-., J Amtr. I'/trm Sar , 1911 36, 10. 

» MoBaii(K-i, /Vi./. J/«» , 18l», [m |. 23. 201 . ■ 0 

102, 1001, 1005, Kmss, J,.,m/^», 1891, 265, 1 . iluthmaim and am, h^r 1900 

174S • Male ibid. 1902, 3«;, 2')82 ; Uib.iiii, Ann Chim. Phns , l.»00, [\ii. 1, 19, 184, 

'G and B Urb,iiii,’/w «/ ; r.istms, loc. fi/. , Dennis and Dales, Ivc. cU. , Betteiidoif, 
Amalen, 1907, 352, 88 , llolnibi rg, /«e. «/. 

3 Holdfii andJauies, y Amo CA«m. , 191 b S® 638. ■ K A 

* Kriiss, AnnaUn 1891, 265, 1 , Zeits,h^ anorg them, 1893, 3 , 108, 3j3 , K. A. 

Hofmann and Kiuss /W , 1893, 3, 407 , 4, 27 245‘^ • Dennis 

,- » Muthmann and Rolig, Ber , 1898, 31. 1/lS ; " 

and Dale«« loc nt , J. Amer. Chem .SW., 1907, 29, 4.*,> , 

8 Knisa and Lioso. Zeitseh anorg Chon, 1893, 3, 92, Moissaii and Ltard, Compt. 
rend. 1896, 122, 57,3; Muthmann and BoUm, Ber., 1900, 33, 42, Bohin, 

" Chsm 1902 12S2' Dennis and Dales, loc cit. , R. «h Meyt*r and Wuuiinen, ^itach. 

.'?913. k 7 ; Kgan and Balke. y. C/im 6'oc.. 1913. 35. 3t,5 . Holden 

^ used and Tiotassunn dichromuto addt'd (James, J. Amer f ' ^’idqa ma aa . 

in' 10 and C. W. Hill. Amo', Chem. Soc., 1911, 33, 1076. 
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stearate is added, drop by drop, to a cold, vi'^oioiisly ^tlrred solution of the 
neutral nitrates, and the piccipitatc* rcinovcd in fractions. This is said to bo 
a rapid inctliod for preparing]; puic yltiia 

(vi ) The nxlates} \ solution of poL.issiiiin lodatc is added, drop by drop, 
to a hot solution of the nitrates, slightly aenlitied with nitric acid. The 
method is of \alne in the purilie.itnni of \ttiniin, whah separates last 

(vii ) The rohalti cyanides - This allbrds a ra])id method for the separa- 
tion of pine yttrium 

(vni ) The tartrates A solution of tartaric acid in acetone is added to one 
of the rare earth nitrates in the same solvent, and the piecipitate lenioved in 
fiaetions * 

(i\ ) Other salts. The aiuies^'^ hvpojdiosphitcs," p/iasphites,'' phusphates^^ 
at Semites,'' su/jdufcs,- tuni/'itafcs,'* setmeateSy- citrates,- taitratcs,- rarodylates,^ 
ylyro/fates,'* mono- and di-mithi/f/diosphatcs/ p/ieno i pact tates,“ ram/diorates,^ 
m-ntt rob< nzvates,' and a .obenzuii stdjJionates - have all been examined. 

0 Other Methods. — 'riie.se include the follownif^ — 

(i ) fi actional Deann posit ion oj the Xitiates hy Ileat.^ — Foi this purpose, 
the hydrovides are dissolved in nitiie acid, the solution evajiorated to dryness, 
and the re.Mdiial mtiates heated The evolution of red lunies is allowed to 
pioeeed until the surface acipiiies a peeiiliaily steely ap[)eaianee, but should 
not h(‘ allowed to continiu* until the mass becomes cicaniy The fused mass 
IS then Domed \eiy carefully into cold watei,and the Inpiid luMted to boding. 
If ylLiium [iiedomm.ites \ei\ largely over the othei laie eaith metals jiiesent, 
the entile mass gi'iiiually passes into solution, and, on coolmu, basic nitrates 
sepaiate out m the ci vstalline foim , otherwise an insoluble lesiduc is loft, 
in whicli case it must be well agitated by Mgoious boiling befoie the Inpiid 
IS cooled. Allei cooling, the lesidue is seiKiiated by liltration, dissolved in 
nitric aiK^ and again paiti.illy d4‘comj)o.icd, whih* the liltiate is evaporated to 
diyness, and the K'sidue also subjected to tin* s.uiie tieatment, and so on, tho 
filtiati* fiom one fiactmn being combiin'd with the basic salts sepaiated hotn 
the ne\t 

'I’his IS one of tho classn methoils for the fiactionation of tho rare 
eaiths It has been of great .seiMce to past in\e.-»ligators, scandium, 
ytteibium, thulium, and holmium ha\mg, in fact, been discovered as the 
result of the ajiplication of this mellnxl to tin* fractionation of the yttrium 
caiths At tin* pn'^ent time it still M'liiains oin* of the best methods, at least 
on a huge scale, foi elimin.iting eibium liom vttrium 


* R .1 Me^ci and WuoriTicn, aiung nn-m , 1913, 8 o, 7 , Holilni ami Janirs, 

J, Aunt. Chou 1914, 36 , 

- lioiiaidi and .lanics, J Juier Chon. Soc., 1015, 37 , liG12 

^ II irnebcy, ./ Amo Chon Sm , 1912,34, 1174. 

* \\ liittenioic and .Jaiiifs, J Amer Chem. Sne , 1913, 35 , 127. Ilcddi-n and James, 
loc. Clt. 

® Jantsch and Giiinkiaul, Zeitvh anoiq Chon , 1912, 79 , 305. 

® Driniisand Dales, J Amer ('hem. Sor , 1U0‘2, 24 , 401 

’ Holden and Janies, J. Amo Chon. .SVzr , 1911, 36 , 638 

® The older D'Ipipiuts aip IJeilin, A’l/r/iaTirf/ hlmnd NntmJ Kjahoihurn, 

Bain and lJunsen, Annnfoi, 1866, 137 , 1 , Clev«- ami Howlnml, Jiihnwf K. SrrnH/,a Vet ■ 
A/ra<l. Ilandl., 1873, i, No 8 , Hull. Sne chim , 1873, |ii ), 18 , 198, 289, Maiij'noc, 
Arch. Sci. phys. nat , 1878, [11 ], 64 , 97 , f^ompt rout , 1S7«, 87 , 578 , Ann. Chim Phys , 
1878, [v.], 14 , 247, Nilbon, Cumpt. ,ovt , 1M79, 88 , eW5 , Uleve, ihtd , 1880, 91 , 381 
Modem refereiieos aie G and E. Uibain, rend pl90\, 132 , 136; Dennis and 

Dale**, J. Amer. Chem. Soc., 1902, 24 , 401 , James and Piatt, ibid., 1910, 32 , 87 , Holden 
and James, ibid., 1914, 36 , 638. See also Baruebey, loc cit. 
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ALMlNmM Ai»D ITS CONOlfiNERSS. 


Before applying this method to the fractionation of the yttrium earths, it 
is important the europium, gadolinium, terbium, dysprosium, and holmium 
should as far as jiossiblo be eliminated (and, of course, the cerium group). 
Serious eriors have been made owing to the fact that this initial step was not 
taken (see pp. 355, 363). 

(ii ) Auer V071 IVih/jarh's Oaide Method^ — The manner m which this 
metliod IS carru'd out has been already described (p. 343) 

(ill.) llydtuly&ii of the Phthalates'^ — A cold solution of the phthalatcs is 
slowly heated and the precipitated basic salts removed m fractions The 
yttrium precijutatcs last 

(iv ) The Ammoiiiiini Carbonate and Acetic Acid Metho,l ^ — The hydioxides 
of the rare earth elements of the yttrium group arc soluble in auiinomuin 
carbonate.'* Fractionation may be effected by dissolving the hydrovides in 
ammonium caibonate, adding concentrated acetic acid till the lupiid becomes 
turbid, and tlien adding dilute acetic acid, drop by drop, to the well-stirred 
liquid until the caitlis are partially piecipitated. 

Terbium and yttrium rapidly concentrate in the first fr.ictioiis, erbium 
and “ytteihiiiiii ” in the last, and holmium, thulium, and dyspiosium in the 
middle fractions 

(v ) The Qjalatf-Caibonatc Method^ — The oxalates arc dissolved in a 
warm satin aled solution of noimal ammonium carbonate and then heated to 
100°. The jirecipitate that foims is collected in fractions. The elenuMits 
separate in the following ordei . (Tb, Y), (l)y, llo), Kr, Tm, (Yb, lai) The 
separation of eibium from holmium, tcibiiim, and d}sjno&ium is vciy iiipid 

(vi.) The Bam Nitrite MethodS' —X neutral solution of the mtiitos is 
boiled and stirri'd by a curient of steam, while concentrated sodium nitrite 
solution IS slowly added to the lu|uid Tlic procipitato of basic nitiites ('?) is 
removed in fi actions as usual. 

The separation of all the mcmbcis of the yttiium group ajijioars to 
be effected by tlio method, but at present it lias only been studied in any 
detail so far as the separation of yttrium and eibium is concerned. For this 
separation it is the most rapid method known Unfortunately, however, tlie 
precipitates aie at times obtained in a colloidal form, and when this occurs 
no appreciable sepaiation can be cflected. The formation of Ihi* colloidal 
precipitates is connected with the piosence of ’excess of sodium nitiate, 
but the neccssaiy conditions for successful fractionation still reijuiio to be 
diseoveied 

(vn.) FiaHional t^ubhmatwn of the Chlorides -~Th\b method is of use in 
separating small quantities of lutecium fioni ytterbium (iieoytteibium), the 
lutecium chloride being the more volatile Scandium and thorium are liable 
to be pi ('Sent when crude “ytterbium” is isolated, tlicir cliloriilos arc much 
more volatile than lutecium chloride 


* Auei voii 'Wdlsb.ich, Monatsh , 1883, 4, 630 ; 1906, 27, 935, Chcni Nria, 1907,95, 
197 ; Ik'ttcniloif, Avnaten, 1907, 352, 88; ej. Diossbacli, lin., 1902, 35, 2826 
® 11. J. Mcjct and Wuorin(>u, Zntsih. anonj Chnn , 1913, 80, 7. 

“ Dennis and Dales, J. Aviei. Chem. tSoc , 1002, 24, 401. 

■* Mosander, Annabn, 1813, 48, 219 ; Phil. Mwj , 1843, [m.], 23, 251 ; Kiu''S, Aunatni, 
1891, 265, 1 

® James, J. Amer. Chem Soc.^ 1907, 29, 495, Chem Xars, 1907, 95, 181. 

® Holden and James, J. Aiiiri Chem Hoc , 1914, 36, 1418. 

R' Uibain, Douiion, and Halliard, Conipt. lend.^ 1909, Z49, 127 , cf. Pctter&son, ZeiLscJi 
anorg. Chem., 1893, 4, 1. 
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(viii ) Electrolyui of Atiueous Edit Solutions} — Tho proccthno nocosyary 
haa been alicjuly deaenbed (ace p 3t,3). By this inoUiod yttiia may be 
sepaiatod from the erbia caiLhs with consideialde rapidity 

(ix ) Fnictioufd Decom posit um die Sulphates by Heat “ 

I> General Procedure.- In nc.iily all oasca m winch the ytlnnm 
group IS sepaiatod by fiactional cr\Mallisation, tho olcmouts sc[i.iiate in 
“serial older,” with d^spiosium in tin* least and Inlccinin and ccltinin in tho 
most soluble fiaetioiis. The reverse order of solnbilitios, ho\M*\ci, holds for 
the dinicth} Iphosphatcs 

Si'piialion im-thods which depend on dilVcrcncoM of basicity, pai I icnlarly 
the ])Lccipitation with aininoina, d<‘com[)ositiou of the intMtc'', and ci \sl.d]isa- 
tioii of the oxalates fiom nitiio acid, rcccned consKhnahle attention in the 
oaily days of laio e.iith ch(‘misti\ In all such methods .is these, xttiia acts 
as the stioinrest base pieseiit , mbia, thnlia, \ ttiabia, and Inleeia as nnieh 
wcakei bases, .iiid d\s|)rosi.i and holiui.i as ba‘'es intei meiliati* in siieni^th. 
Aecoidinnly, b\ appluin: method ((' i tlie li.ietional deeompo->-ilion of the 
nitrates I )\ lieat, x Llii.i m.i\ be hugely sejiai.itMl fioni the ollu-i <aitlis It 
IS sepaialeil, however, m .ni impnie st.ile, Ix'ing eont.iminati'd moie especially 
with liolinhi and <lxs[>iO'jia, and aUo with lei hi. i and gadohnia if these eaitlis 
aie jiK'seiit Im[»nie \ tliia thus ol)tained lioiii a mixtni e of \tiniim eaiths 
resists liaelioii.ition m a \ei\ i xti.ionlin.ii \ lashion, so miieh so thit in 
Schiit/i'iibeiifei aial I’ondonaid, as the lesiilt of then evpeiimenis on the 
nitrate method, wen* incliiKd to bdiexe that among the i‘l(ments of tho 
yttrium gioup th«‘ie i.s one, of atomic wi'ii^ht 07, that had pieviou.sly been 
ovoi looked The oxide «)f this ni‘w “eleim‘nt, ’ liowi'xm, as I'lliam showed m 
lObO, was meiely \ttiia eontamm.ited witli teibia, gadolini.i dx^provia, ainl 
liolmiii, in s[)ite of th«* fa« t th.it it could not be fiaet lonateil by tlie jraitial 
decom[)osition of the nltl.lte^, or tlie Iractional eiystalh*‘al ion of the* siiljihates, 
acelylae(*tt)nates, etc • 

Fiom the pn*eedmi: lemaiks it wdl be seen that it is desirable to (‘limm.ate 
the teibuim uionp, •l\>|noMnm and liolminm, befon* endiMvoiii mg to frae- 
tionato tlie lemaiiimg (‘aiths of the xttiiiim gionp It is tlien'fon* the best 
plan to (<»miin*nee 1)\ haetional ei \st.illisation, and l‘(»r this piii[)ose the 
ethylsnlphates or brom.iti's should be seh‘eted ^I'he method of [inn'ednn* in 
the ease ot the etiix Knlphates li.'i'* been :ibe.idy dost i ibed (p 31(1), and the 
fractioiiali<»n*of the* biomati's max be eariud out in ;i sinnlai ni. inner The 
othvlHulph.ile and biom.iLe melhoiK m.ix toaeeilain e\tenL be looked upon 
as eflecting a sepaiation into thns* sub gnjujis (u) the least soluble fiaetions, 
ill which dyspiohinm, holminm, ami yUinim sejiai.ite in the on]<‘r n.imed ; 
(/?) the mi(idle fiaetions, constituting the giealei ])ait ol the material and 
consisting essi'iitially of xttinim salt, conbimmated chiellx with dyspro.snirn 
and holminm in the least soluble, and with eibinm m the most soluble, 
fractions; and (y) the most soluble fractions, in which cibnim, thulium, 


1 Kiiisa, ^cilsrh anory Chem , 1893, 3, 60 , Denms and Dales, J. Amer. Cknn. Sor.^ 
1002, 24, 401 , Donins and Loiitni), /6a/, 1915, 37, 181 ; Dennis aftd \an di 1 Miiilcn,^ 
tbvl., 1915, 37, 1963 , Dennis, /' S.A Vat , N«. 1,115,513 
* Jlotinann and Burgci, lUr., 1908, 41, 30'^ 

^ Si’hutzfiiiberger and Beiidoiiaid, mid , 1890, 122, U97 , 1890, 123, 78‘J , Bull. 

Soc (him, 1898, [ill], 19, 227, 236 , Boudoiuid, rompt inid , 1898, 126, 10t8 . Bull Bur. 
chilli , 1898, [ill ], 19, 603 , Uibaiii and Budiscbovsky, C^npt icnd , 1897, 124, 618 , Bull. 
Soe. chim , 1897, [m.], 17, 98 , Urbain, Ann. Chim. i%ii.,49C0, [vii.], 19, 184 , Diubbbach, 
Ser., 1896, 29, 2462. 
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yttrium, and lutecium separate in the order named. Tlie terbium group 
fractions, if any, precede the (a) fiactioiis. 

The (u) fi.icliuns serve for the preparation of dyspiosiuin and holinium. 
To isolate dysprosium in a state of purity it is necessaiy to prolong the 
fractional crystallisation of the ethylsulphatcb containing dyspiosiuni until 
the degree of liydrolysis becomes loo great for further piogrcss to be made. 
By this means tcibiuni may be satisfactorily eliminated in the least soluble 
fractions Foi further puiitication each fraction may be Separately converted 
into the nitrate and tlie fractionation continued from concentrated nitric acid. 
This mctlioil allows a veiy slow but sure separation of dysprosium fioui 
holmium to be accomplished ^ At the same time it (diinmates terbium, if 
pic.sent, ill the lo.ist soluble fractions, and this may be greatly facilitated if 
a huge ipiantity of bismuth nitrate is adiled (see p. 32Sj 

'riic sejiaialKUi of holmium from lioth dysprosium and yttiinm is an 
cxtieiiiely (litlicull task Urliam found that the fractional crystallisation of 
the etli> Isnlpluites enables cibnini, thnimm, etc , to be scpaiated from liolmium 
very satisfactoiily, and also bungs about a considerable sqpar.ition between 
holmium and dvspiosiuni, and that the siibsetpicnt crystallisation of the 
nitrates bungs about the elimination of the remaining dyspiosiiim, but not 
the yttrium lie suggested that the most satisfactory methods for freeing 
holmium fiom }ttiium a\ou1(1 he the ]uitial decomposition of the nitrates by 
heat, or fractional precipitation of tlie hydroxides with ammonia,- and l)y 
employing the lattei method, llolmberg bus succeeded in obtaining piacti- 
cally puri' iiolmia 

The (/i) fi actions consist almost entiiely of yUriimi bromate or cthyl- 
bul})hatc and sene for tlie isolation of yttrium For this piiiposi' the 
fiactional decomposition of the niti.it«‘S (p 353), the fractional ])recii)itatioii 
of tlie chium.ites (p 352), <iiid the fiaclional piccipitation of the basic nitrites 
(p. 35 1) aie suiUhlo methods, they may he cheaply iMiiplojed on a largo 
scale, and the lust method iutioduc(‘s iio volatile loagcnl. For the final 
puiilicatioii LecO(] de Boisbaudian had lecoursc to fractional precipitation 
with ammonia, and (’leve to fiactional « lystallisation of the oxalate fiom iiitiic 
acid, 11 J. Meyer and Wuormen recommend the fractional pieeipitation of 
the lodate in nitric acid solution * 

The (y) fractions (p. 355) contain yttrium, erbium, tliulium, ytteibrnin, 
and lutecium They may be treated by cither of the lollowmg methods (i.) 
ciystallisatum of the bromates, or (n ) ciystallisation of the nitrates from 
nitric acid of density 1 3 The foimer method is dilTieull to can y out aith 
the ytterbium and lutecium fractions owing to tlicir great solubility, and the 
tempcratuie should not exceed In'*, hut it may nevertlieless he jn-olonged for 
a suHicicnt lengUi of time to enable thulium to bo isolated m a state of 
purity'’ Tlie fractions preceding thulium hiomate consist of yttrium and 
erbium bromates, which do not separate appreciably From them erbium 


* Uibain, Compi, rend., 1906, 142 , 785 ; 1909, 149 , 37. 

" Uiijiiin, J CItim phh 1 1906, 4 , 61-2, Ann. Ghim. Phys., 1909, [\iii ], x 8 , 278. 
1Iulm])eig, Arkir Ktm Min. Uenl , 1911, 4 , Nos 2, 10; Zeitsth, anonj. Ghcni , 1911, 
71 , 226. 

'* Lecoq dv Hoibluiidiaii, Compi. tend., 1886, 103 , 627 ; (.'Icm-, ibid , 1882, 95 , 1226 , 
(1 iiiul E. Uihain, ilnd ,1901, 132 , 136; James and I’latt, J. Amcr. Uhem. Soc., 1910, 
32 , 873 ; Egan and lialke, ibid , i913, 35 , 365 , R. J. Meyer and Wuoriiien, Zciti^h. anonj. 
Chem., 1913, 80 , 7. 

‘ James, J. Amcr. Chem. Soc., 1910, 32 , 617 ; 1911, 33 , 1332. 
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IS best obtiiinod by tlie fiactional decom])(».sition of the nitrab's (p .‘b“).T), tlie 
fractional piccipitation of the basir luti iU‘s (p .‘loi), or fi.iclioiial [)icri[)ilation 
witii aniinoma ip 3.52). Puie eilna lias not yet lu'cn obtained 

The ciystallisation of the simple nitiatcs has been studied b\ I ibain , it 
ctl'ects the sop'ii.ition of eibinm, thulium, ytteibium, and luteeiiim slowly, 
but very satisfaetoiily but up to the present only one of tliesi* elements has 
been thus obtained as a pin<* salt, namely, ytterbium (/ f iieo\ Ueibium) 
Puic lutecium and celtium salts ha\e Aet to be obtained 

It icmanis to be mentioned that small (piantitu's of scandium and thorium 
may oreasion.dly be present in the moie soluble of tlu‘ ytti lum L’loiip fi.ietions, 
the lattei element bem*' ]U(‘s(‘iit owinix to its incomplete lemox.il at the 
conniieiiceimmt They ma} be leadilv idimmated by fuiclion.d sublimation 
of tlie ehlonde.s,^ but it is simjilei to (‘liminate tli(‘ scandium by U .1 Mexer’s 
silicotlnoiide method, which is d(‘sciibe<l in connection with scandinni 
(Chap IX). Any remaminu thoimm mav then b(‘ eliiiim iIimI by tho 
hydio^eii peroxide imdliod fp .120) It is still smi[)lei to (“limin.ite the seaii- 
dinm and thorium t<i^ether as basn* thiosulpb.di's (p 207) 

Tabular Summary of General Procedures Tlu' following' tabular 
ouLlines may be of scimcc in helping tlu* leader to follow tie piictsling 
dosciiptioiis ‘ — 


A of' (hNUe nno/ufi/r in s<n/nnii o) n/n '^nfjihnfr 

mint inn (ceiiiini is snpposeil to haxe been lemoxedl 

It ' ilts Dili* till* mil it- h, ailil tin u<|m-il(* iinnimt 
1)1 niai!iit slum iiilruti', ami li iitiomitt hum wiild < 

|I..i, 1*1 , I.ii, t.J, II)] 

I 

I ■ I I I 

• u ft y 


|!«l fll 
1 

into (Inlll)U 
ainmuniiim mti ilt s 
lunl liadionatv 
Irom mtrii a< id 


lla 


I 

Pr 


11‘r.NdI 

I 

(oii\(>it into tionlilo 
m iiiLTam si mtiati s 
iiiid fr.K Inni lit* 
fi'im iiltiiL ai id 

I 

I I 

Pr Ntl 


I 

[Sm, Mil, Oil, Tbl 

Coiitimic fiai I iiiiint lull 
lioiii Mil II ai III ' 


1 

Sm 


[Mil I'ai, (Id,Tb] 


roiiliiiiii* fiai tiuniitiiiii, blit ion 
tinii ill} add l>i<-iiMilli nia!'ni ‘nmn 
iiitialc til llnal fiai ti<>n 


I 

Sin 


I 

Bi 


I I 

ii [Oil 'Ibj 

I 

riiiiMit iiitii siiii|)li.‘ mli.ilis, !iil)| 
r\i rss of bisiiiiith inlr.itr, -iinl 
li.irtinmitr* rrnin mil II .11 id , m 
<<iiiit‘il mti) liiiiiii.ili 1 iiiiil 
fi If I ion 1(1 ri< in Mall i 


Gd 


I 


Bi ■ Tb 

1 If llie inoEt soliibk* poi tmn lefiises to irystulllso, see ]i]i 311, .'iri fur nii'tliDil tn uibi|it 


I 

(Di) 


* IJiliaiii, J. f'him. piti/s, 1906, 4 , 63, Atm, Chun I‘hy\.y 1909, L'oi. ], z 8 , 278 

Comi^t imd , 1907, 145 , 759 , IPuS, 146 , 106 , 

IJhmii'iifelil and llibain, Compt. tend , 1911, 159 , 32^ 

* Uihain, Bouiion and Maillaid, tend', 19i'9, 149 127. 

* Coin]iaie James, J. Amei. Chan Sik\, 1908, 30 , 979 , 1912, 34 , 767, 
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R. Treatment of crude yttrium earths left in solution from douhh sulphate 
treatment — 


Cuiivfit earths into etViylanlithates oi brrnnatcB atnl erybliillise from water 
, Y, Ki.Tin, \b, Lu,((Jt), 

.es of Nil, Sin, I ii, (M] 

J 

"I 


iTb, I)y, llo, ^ 
and tiaces o 


(Nil, Sm, Eii,(}d,'lbl 


Ki HI tionato by 
Till lie A 


(i) 

[Til, 1)>, Ifo, Y] 

Conveit into i‘lb\l- 
BUlpbatcB if nuKh- 
•Miiy and frarlion- 
ate Then n invert 
into niliat<‘h and 
fiaelnin.itc from 
nitiic acid (sejiiira- 
tion of Tb and Dv is 
better hi jireseiKwof 
bismuth nitiate) 

I 

J I ' 

Tb Dy 


(P) 

I 

Y 

(crude) 

iRolite \ by 
ihioinate or 
oilier binl- 
ahlc method 


iV.lhl 
I. 


(^) 

[Y, Ei. Tin, Yb.Lii, (I 't)] 

Coiitiniio iiystullisii- 
tion Ilf the 111 II- 
in.itis, ni (oiivpit 
Into nitiatcs and 
fiai timiate fiom 
nitiii and 

I 

vL 


Tm 


lI 


(Ct) 


ino.Y] 

Fiaelionatc 
h> jirei ijii- 
tutionwith 
ammonia 

Ho Y 


Apply the dc- 
(ompiisilioii 
of mil atesor 
othi l Rlllt- 
able method 


^r i 


IIOMOOENEITY OP THE lUUE EaUTII ElPMENTS. 

Cerium, — Tlio honio<icnoity of corinm \mis fiisl doubtod by Wolf in 
1868^ in 1885 llraunor also ooncludod that cerium was proli.ilily comjjlex:, 
Btatin^ that “under cm tain ermditions * cerium’ may consist of mixture. 
The nature of this admixture must be ascei t;imed b\ fuiLliei cxpeiimcntB ^ 
Ten yeais later, Brauncr stated that fuither woik had substantiatcrl Ins 
picvious coiK'lusion, and he .announced the existence of ordinary cenniii 
(()e = l40 *J), f(iving a nearly while dioxide, and itiffncerntm, liaxmp; a higher 
atomic weight than cerium and foiming a diirK salinon-coloiinsl oxide JJo 
also mentioned seven methods by xvliich motaceiium may be sepaiated moie 
or lc8.s completely from cerium 

In 1895 Schutzenberger announced that cenum was complex, and in 
1897, in association with Boudouanl, ho declared that cerium fiom cciite was 
different from the cenum contained in monazitc ^ Tlu'se results, however, 
were shown to be erroneous by Wyrouboff and Vciiiouil, wiio, in the couiae 
of their work on the piiriricatioii of ceria, pioxcd the insuftieicncy of 
Schutzenberger and Boudonard's methods for separating cerium from thorium 
and the yttrium group, and established the identity of ceria from cciite with 
ceria from inonazite.® 

In 1900 Drossbach made a prolonged scries of crystallisations of ceric 


* ^ Wolf, yimer. J. Sci.f 1868, fii.], 45, 53. Wolf died before hia investigations were 

completed. 

,, ® Brauner, 7’rans Chem. Soc.^ 1885, 47, 879 ; Monatsh , 1885, 6, 785 

^ * Branncr, Chtm. News, 1895, 71, 283. 

‘ Schutzenbeiger, Compt rend, 1895, 120, 663, 962; Schiitzonbcrgor and Boudouard, 
’ iUd , 1897, 124, 181 ; Bondouird, ihid., 1897, 125, 772, 1096. See also lirauner, Proe. 
Chem. Soc., 1898, 14, 69 

‘ Wyrouboff and Verncuil, Compl. rend,, 1897, 124, 1230, 1300; 125, 950, 1180. 
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ammonium nitrate prrjureil from 250 kilos, of crude ccrous eai boniito, but 
was unable to find any diireiencca among hia cerium fiactions.* Smcc this 
method was given by llraimei as one by winch metaceiium could bo sejiaratcd, 
Drossbacli’s results throw considerable doubt upon the woik of Ibaunor. 
The latter chemist retuined again in lOO.’l to i he ijiicstion of the puiilication 
of ceria, in an important research on the atomi*' weight of ceiium No refer- 
ence w'a.s made, however, to the nature of met.u I'lium ^ 

At the present time, therefoie, it must be admitted that the existence of 
motacerium is very problematical 

Lanthanum, Praseodymium, Neodymium, and Samarium.— It 

is gciioi.illy con''idered that when the reiium has been lemovod fiom the 
cerium group, four metals icinain, namely, lanthanum, piaseodymium, 
neodymium, and samarium. These elements may be quantitatively separated 
from europium, gadolinium, etc , by the bismuth maLmesiiim nitrate' method 
of Urbaiii and Lacombe (pp .‘1J7, 

The homogeneity of each of tlie eleunents [uasOtulymiiim, ne*e>elyunuin, 
and samarium was elis])uted by a numbei of chemists very soem after 
Welsbach’s discovciy of the e'ennplexily of “dielynnum” was imuoimced;* 
and in later years otheis ha\e also denied the elementary e-haiae-ter of these 
substances * Their opinions have been basesl, however, .ilmosi e've*Iusi\ely 
upon obsei\ation.s of the absorption spectia, and tlieic is little' eleuibt that they 
are iinjiistiliod 

Demarejay devoted eonsulciablc attention te) the* epu'stie)!! e)f (Im hmno- 
gcneity of neodymium and samaiium Jiy fiactioiialmg (he double 
ammonium nitiates be isolated a huge epiaiitity of the moelMmiim salt 
containing only a trace eif j)rasce)dymmm This m.itOTial was suhmitle'el to a 
prolongcel senes of crystallisations A little prase'exlymmm aiiel e-onsidciable 
quantiyrs eif samarium w’cie thus remoxed, aiiel moie' than twe'iily e*e)nse'i..iti\e 
neoelymium fractions oblameel which prese'uted conq'h'le' lelcnhl x fioni excry 
point of view Demarejay found that neeid^mium tluis isolated was the' same 
whether its souice' xvas cento, samaiskite, ejr mos.iudrite, aiiel that oUkt 
metliod.s of fractionation b'd te) the same com liisnms l.ater he eliscoxeicd in 
the fractional ci x stallisation of the elouble magnesium nitiates a ia[)id methexl 
for the sc])aiation of neodxmmm and samamim, aiiel scpaiaLcel sexeral kilo- 
grams of the salts of those' eleme'iits from e)ue another, reducing the inter- 
moeliate fractions to less than 20 giams Tlie- inte-i mediate fiactieuis showed 
only the superposed spectia of lu'oelymiiim anel samarium, anel piolonged 
fractionation of the samarium salt faih’d to lesolve it into dissimilar paits.® 


’ Drossbacli, Ber , 1000, 33, 3'»0i>. 

^ llraiiiK'r and Ilixte'k, amnq (Vtrin , 1903, 34, 103, Iliuune’r, t^nil , 1903, 34, 

207. 

3 Kniss and Nilsuii, Ber , 1SH7, 20, ie7d, 2131, 3067; 1888, 21, 585, 2019 , Crookes, 
Clwm. Xens, 1886, 54, 27 ; C M Thompson, ibid , 18^7, 55, 227 ; Hetteiieli)if, AnnaleUt 
1890, 256, 159 , 1891, 263, 161 , Rpoqupiel, Ann. Chun /'fti/s 1888, [xi-l, 14, 170, 257. 

* Dennis and (yliamot, J Amn' ('hem .SV., 1897, I9» 799 , Ilreiuiici, Pruc. Chem. Stoc.f 
1898, 14, 71 , Bohm, lue Zerlr>fh(trkeit ifcs VraieodiimH u seB. Krd nut ITdft einer 

neuen J'rerimane/sme/Aoefp (Hallp, 1900); Ze,ilsch angem Chrm , 1903, i6, 1220, BaskorvlJe 
and Tuiienlnie, J Anvr Chem. Sur , 1904, 26, 46 , Basloiville and Stevpnson, ibid., 1904, 
26, 51 Although Ba'-keivillp ami his ro-woikpia speak in a vpry jiositixi' manner of the 
complexity of prase-odymium ami m^odymumi, none of their atlemptH auccpdlcrl in affording 
any evidence in favour of t]n«^ view 

3 .See, e g , Dcmare^ay, ("fnnpt rend , 1898, 126, 1(739 (Nd) ; Stahl, Le R>ulinm, 1909, 6 
215 (Nd, Pr); also pp 283 7 • * 

« Demar9ay, Compt. rend, 1898, 126, 1039 , 1900, 130, 1185. 
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Demarijay’s work shows cleiirly that the oidinary sources of the rare 
earths contain no sijrnifieant amount of an eloinont intermediate bet\\(‘en 
neodymium and Hiimanum, and argues strongly for the liomogcncity of tliesc 
elements. The Muhse<juent work of various otlioi investigators ' affords corro- 
borative evidence in favour of Demai cay’s conclusions The homogeneity of 
praseodymium, however, cannot be so definitely aflirmed, though modern 
work has not yielded any satisfactory evidenec for regaidmg it as complex , ^ 
moreover, definite information with lespect to elements intermediate 
between praseodyinium and neodymium is lacking, although here again 
modern work points strongly to their non-existence 

Lant liana may be (hdined as the most strongly basic of the ceiia earths, 
a coloiiilcss oxide that gives rise to salts devoid of absorption spectia. The 
question of its homogi'ueity has been studied by Brainier, by (’Icve, by 
Schiitzenbergei, and by Brainier and I’avltcek. In 18HJ Brainier * announced 
the existence of a new eaith, intermediate in its C(iuivalent weight and in its 
basicity between lanthana proper and “didymia.” In the same xear, Cleve ^ 
thought lie had obtained evidence of the existence of a similar new earth, 
which lie provisionally named oxide of Di/:?, a fmv months later, however,’’ 
he discovered that the spark line 5, ehaiactoiistic of I)i/^, really belongs 

to the lanthanum spectrum, the previous measurement of its wave-length by 
Thalen having been oironeons, and in the following year,'’ in tlie couise of an 
important reseaich on the atomic weights of lanthanum and “ (lidMiiiiim,” 
he definitely deolured against the cxistenee of an mtmnu'diate element In 
1902 Brainier, in conjnnetioii with Bavliilfek, lelntned to the subject and 
maintained the correctness of Ins eailier wtuk ' Aecoidmg to Brainier, when 
lanthana is fiactionated by the “basic” method, the least basic fiactions 
contain “a small (jnantity of an clement with a liighei atomic weight than 
that of lanthanum,” and the iicw' element “ gives to tlu' oxide a very pale 
buff tint.” As othei considerations point to the ineoriectm'ss of these eon- 
clusioiis, it IS desirable that f Hither work on the homogom^ity of lanthanum 
should h(‘ iindortak(*n 

Europium, Gadolinium, Terbium, and Dysprosium.— Kuiojua and 
gadolinia were fiist isolated in an almost pine slate by ifemareay. lie was 
not satisfied, howcx’or, that europia was a hornogcMicons substance, ehicfly 
owing to the fact that it gax’c rise to salts which exhibited, in Ins o[)inion, 

* See, e(/ , Miitliiiiaiin and Woi.ss, Artnalni, 19ii4, 331 , 1 , I'Vit and P?/il)yll.i, Zcit\,h. 
anorq. Ch*m , 1905, 43 , 202 , 190(5, 50 , 219 , Webbicli, SiUujifjshf’t K. A\nd. Wi\s ff'im, 
1903, ZI 2 , II. A, 1037 ; Uiluin ainf Lai'onilu', (Unujit lend, 1904, 138 , 11(56, Uiliuin, 
J. Chim. phys , 190(5, 4 , 119, Kheilnud, Znlscli anotg ('hem, 1905, 45 , 374, Rcch, 
Zeitsch. v'l'is Photochem,, 1905,3,411; llolmbevg, Zntsrh aiiotij Chem., 1907, 53 , 83, 
Baxter and Ch.ipin, ./ Anier Chem tSoi , 1911, 33 , 1 , 15askei\i]lc and Stevenson, /oc cil 

Sec, eq., von Seheelc, Zcitseh awnq ('hnn , 1898, 17 , 310, IJn , 1899, 32 , 409, 
Welabach, h)>\ nt , Laconibe, Pull. Soc rhim., 1904 [111 1, 31 670, f'hrm Xt'its, 1904, 
89 . 277 , Mutliniann and Weiss, loc iif , Kelt and Pi/ibylla, lor. cit. ; Ilech, loc. ciL, 
Baxter and Stew ait, J. Amrr Chnu Svr , 1915, 37 , 516 
® Brainier, Monatsh , 1S82, 3 , 486 

* (Jleve, Compt. rend , 1882, 94 , 1528 
" Cleve, ihid., 1882 , 95 , ^3. 

Cleve, Bull Soe chim., 1883, fii.], 39 , 161, 289 
’ Brainier and PavHdek, Tians. Chem Soc , 1902, 81 , 1243 
’ * In 1895 Scliutzenborger tend , 1895, 120 , 1143)dedaicd that by a modification 

.of the method of decomposition of the nitrates, kntliuna could be rcMilved into dissimilar 
Mrts, the atomic weight of lanthanum varying 111 the diffcient fnictions from 135 to 138. 
jpraunerand Pavli'cek {loc. cit ) havoi.showii, Liowever, tliat lanthana piepaied by Schutzen- 
oerger'e method is cuntuniinalcd with small quantities of yttna. 
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abiioimally we.'ik absorption spcctia^ The (picstion of tlie homoMcinMt y of 
eiiiopia and gadolinia was subsequoiith studic'il with ^leal (mu> In ('ihaiii, 
wlio siiccGcded, nioreoM'i, in isolating and d\ ,s[>i()si,i .ind including 

these eartlis also within the scope of his n-siMuhcs - 

1 he methods i>nipIo\ ed by Uihaiii in cllt'clinn tlie scjiaial ion »)!' (*nropia, 
gadolnna, teibia, and dyspiosia weic in nc.iil\ .ill I'asivs ci^stallis.iliDn methods 
which separate these earths in seiial oidci, ? <* the order iii w Inch tliey have 
been mentioned In each case, the isiilation of a pure earth was shown by 
the constancy of the s[)aik spectinm, abs(H[)tion s[»ectinm (\isible and ultra- 
violet), and .'itoinic weight Ihionghout a smies of fiacLions, evi'ii aftei fiiither 
fi action. ition had been attiMiipti'd Moieo\er, the intei medi.ite fi<ietion.s were 
lediieed to as small amounts as possible in conip.ii ison witli tin* ijiiiintities of 
piiie earths isolati'd, and (‘\aniined lor indic.itions of eitlu'i tin* pies(*nce of 
other earths or the decmnposilion of the piesnin.ibl\ pine eailhs obtained. 
The results weie entiiely neg.i(i\e. 

In the case of eiiiopia, 1 ib.iin showed that the eaitli c.in bi* fieed cntiiely 
from saiiidi la and gadolnna, but cannot be lesohcjl into dissinnlai inils by 
prolonged fractionation of tin* double m.ignesiuin intr.ite in the juesence of 
eveess of the corre.s])onding salt of bismuth, th.it- I'liropia isol.iled by tho 
‘‘bismuth ” method from inon<i/ite is identical with the eaith isolated in tho 
same niaimei from gadolmite, xenolime, oi pitchblende, and that ciiio[)i.l thus 
piepaied is identical with that isolated by Deniaicaj’s pioccss ([) .'Ml) without 
the addition of tho bismuth s.ilt 

Til the case of gadolnna, ribain lound that when this ('aith has b(*en 
isolalc'd liy the “bismuth” method, and shown spei'lioscojiiCiilK and by its 
coloiii to be free fiom all but ti.uesof euiopia and teibi.i, fuithei piolonged 
fr.ictionation of the double nickel nitiatcs fails to lesohe it, but meioly 
accumulates the europi.i.ind teibi.i in tho head .uid tad fi actions lespectivi ly , 
morcovef, that gadolnna ext i.icted fiom g.idolniiti* is identical in its piopeities 
with g.idolinia obtained fiom xenotimo oi pitchblende 

Tlic sjieetial ch.iiacteiisties of lerbmni wen* found by Vrliain to indieato 
no signs wliatt*\er of the e(nnph*xity of th.it eli'inuit when its sepaiation fiom 
gadolinium and dyspiosiiini is (*llecled by anv of tin* following proee.sses : 
fractional cry.stallisalion of the nitrates or doubh* nickel mtiates fiom nitric 
acid and of the ethxlsulph.it(*s fiom walei or alcohol, fiactional |)i(*eipitatioii 
with ammonia, and fi.iction.il decomjiosition of the nitmti's by h(*at Kinther, 
ti*ibia isolated by the ammonia methoil, aftei tlie pielinnnaiy aiiplication of 
the etliylsulphate .iiid double ni(*kel nitrate pi oci’ssi**-!, is identical with that 
obtained by crystallising the simple nitiates in the piesenco of excess of 
bismuth nitrate 

Lastly, ribain found that when dysprosia has bc(*n ficcd as fai’as possible 
from impurities by ciystallisation of the (*thylsulph.it(*.s, sulisi*(|uent fraction- 
ation of the nitrates, while slowdy remoxing the holinia and more rapidly 
eliminating the teibia, fails to indicate that any lesoliition of thed\sprosia 
• occuTs In fact, foity consei utive <l>spiosnim fractions were obtain(*d by this 
method of prejiaration, winch weie piactically identical in fdl their propeitica. 

A very care! Ill examination of the arc spectra of a number of Libain^* 


^ Di'iniii Comjit. rend, 18%, I22, 728, 1000, 130, 14ti9 , 1901, 132, 1181 (En) ; 
t&iV/., 1900. 131, 348 (fid). ■* 

- Sco j)aiLiculiiilv, Uihiuii, ./. ('him fihi/f , 1900, 4, *.31, 10.'), 2.3-J, 321 ; Chim. 
Phys , 1909, [viii ], 18, 222 , Compl. nml , 1906 142, 786 ; 1909, 149, 37 
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preparations has been made by Eberhard,^ who concludes that there is no 
evidence for the complexity of europium, gadolinium, and terbium, or for the 
existence of intermediate elements. 

From the work of Urbain, then, it would seem legitimate to conclude that 
europium, gadolinium, terbium, and dysprosium arc all well-defined elements. 
The homogeneity of terbium, howevci, has been disputed by Auer von 
Welsbach,- who, in fractionating the ytlria and terbia earths by his double 
ammonium oxalate method (p 351), obtained indications of its complexity. 
Wclsbach considers terbium to be probably a mixture of thicc elements, TbI., 
Tbll., and TbI [I. His conclusions, however, must be regaided with consider- 
able suspicion in view of the woik of James and Bisscl.® These experimenters 
found in the fractional crystallisation of the bromates an extremely efficient 
method for tlie sopaiation of gadolinium, terbium, and dysprosium, and, on 
putting this method into practice, isolated only one clement from the fractions 
intermediate between gadolinium and dysprosium. This clement exhibited 
no signs of being complex and answered to the description of terbium as 
given by Urbam. The balance of c\idencc is therefore decidedly in favour 
of the elementary nature of terbium. 

The Yttrium Group. —Apart from dysprosium, winch has been dis- 
cussed, the following members of this group receive ofiii lal recognition in 
the 1916 table of the International Committee on Atomic Weights holmiuin, 
yttrium, erbium, thulium, ytterbium, and lutecium. The ovistonrc of 
Urbain’s ccltium awaits confirmation. 

In the present imperfect state of chemical knowledge (“oncorning this 
group, it is difficult to form any definite conclusions as to the homogeneity of 
the above-men tionocf elements. By the upholders of the “one band— one 
clement'’ theory (p. 287), holmiiim, erbium, and thulium weie regarded as 
complex, and a number of later experimenters have also expro'^sed tl^e opinion 
that these elements are really composite, basing their ciaielusions upon a study 
of the absorption spectia.** These conclusions, however, aio most [irobably 
erroneous, the comparisons of vaiious absorption spectra not having bemi made 
under identical conditions Tn the case of thulium, however, Wel^bach'* has 
given the wave lengths of the spaik lines characteiistic of each of th(‘ thico 
elements, Tml, Tmll , and Tmlll., into winch he considers thulium can be 
resolved, and briefly described the three noiv earths ; the liomogcneity of 
thulium IS therefore {picstionablc. According to James, the method of frac- 
tionation employed by Welsbach is decidedly inferior to the bromate method 
for the isolation of thulium, being more difficult to operate, involving many 
more fractions, and clfectmg the separation more slowly ; and yet a prolonged 
fractionation of thulium bromate, involving 15,000 crystallisations, failed to 


^ Eberhanl, ZtxUch. avorg Ghem , 1905, 45 , 874 ; Sitznngsber. K Akad JV^iss. 

1006, p. 384 , Znlsch. vnss. Photorhein., 1906, 4 , 137. 

** Auer von Welsbach, Ghem. Zeii , 1912, 35 , B.'iS. 

* James and Bissel, J. Amer. Ghem Sor , 1914, 36 , 2060. 

^ Forshng {Biha/ng K. Svemka Vet -Akad. Ilandl , 1902-3, 28 , II , No 1 ) denies the 
■' .eJbmontary nature of holmium. Muthmann and Weiss {Annnlen^ 1904, 331 , 1), Welsbach 
(J/imafaA., 1906, 27 , 935), and James (/, Amer. Ghem Bw., 1907, 29 , 498) consider erbium 
to be complex. Marc (Zfer., 1902, 35 , 2382 , CAm. News, 1902, 86 , 73) demes the existence 
• of thulium, a conclusion that is un<iuestionably eiioneous. 

*■'* " Thus Lnnglet {Aikiv Kem. Min. Gcol , 1907, 2 , No. 32) contradicts Forsling’s pon- 

elusions as to the natuicof holmiunf, and James (pi ivate communication) no longer maintains 
. that erbium is complex * 

' • Welsbach, Moiwhh., 1911, 32 , 373 ; Zeihrh anorg. Ghem., 1911, 71 , 439. 
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resolve it into dissimilar paits. lie accordingly maintains that thnliiim is 
really an element ^ Knrthor work upon thulium is tlioicfoic nccj'ssaiy.'-^ 

It IS at present (lOlG) im])ossil)l(‘ to state deiinitelv whetlier there exists 
any element iiitei mediate between thulium and ytteibium, but accoidmg to 
lllumenfcld and Uib.iin'^ this is estiemely unlikely. 

There is littlo or no doubt as to the homogeneity «)f Utiium. At one 
time, howe\ei, it was supposed that yttrium is accompanied by another 
element of atomie weight a})pio\imately 97 'J'his supposition was linally 
disproved by Ibb.un m 1900, as has br'cn alieady mentioned,' but, wliile the 
nature of this supposed element was lu doubt, aii eiiterpiising turn luteiested 
in the mauuiaeture of incandescent gas mantles was enahled to “diM-oMU ” a 
new clement I iin ii m imd to patent methods for the pii'paiat ion of its salts. 
The new “element,” however, had but a biief e\istencc, its tiiu' iialuK* being 
asocrtained 1)V Chooki's '* 

The Cathodic Phosphorescence Spectra and their Bearing on 
the Homogeneity of the Rare Earth Elements. - Tlie eatbodic 

pbosphoreseenco spectia of the laie eaith eompouiids ha\e been diseus^ved at 
some lenutli in the preeeding ehapter (sec* p 1^91) I’lom the aeeonnt there 
given It will be seen that the study of thc'se spc'ctia clc'inlv mclicates 
that lauthaua, piaseod^mia, neochmia, samaiia, euio]>ia, gadoliuia, Icibia, 
dysprosia, and yttria aro substance's of thu same degic'e of complexity, 
and comjiarablc ‘in this lespcct with alumina, him', chiomium sescpiio.xide, 
and other oxides the metallic <‘onstitncnts of which arc* lecounised without 
question as elcmc'iitaiy suhst.inces The homogc'iieity of teibiiim thus 
receives additional eonrii mation. Further, the study of thc'sc* s])ectra 
affoids valuable evidonee as to the uon-eMstenco of any (‘lemcsils between 
samarium and holmiuni othc'i than cuiopiuiii, gadolinium, tc'ihiuni, and 
dvsproM^nm. « . tt -i. r 

‘ The X-Ray Spectra and their Bearing on the Homogeneity of 
the Rare Earth Elements.— Tim nature of these spectia has alieady been 

briefly indicated (see p. :irj) 

Tn fig. the \ rav spectia of the elements aio anaugi'd on horizontal 
hues spaced at e(jual distam'es The older chosen for the elements is 
tlic Older of increasing atomic weights, except in the cases of A and 1C, Ni 
and Co, 1 and Ti*, wheie this onler clashes with that reepnred by I Ik; Periodic 
Classification J'uither, vacancies have been loft, as requiH-d by that 
classification, betw'cen moKbdeuum and ruthenium and betwi'Cn tungsten 
and osmium, and, in addition, one vacancy has been left botweeri neodymium 
and samaiium and four va<-aueies between eihium and lautalum This 


* ibuneH, J. Atiii ) Cfu’ni Soc , 1911, 33> ^332 , , , , i ii i ir • 4 -i 

2 Itmay borom.ukcdtliatin 1909 lliluim sUlrd tluit Up had obtaue-d tliuhnm siifTiciontly 
imiefoi it., i)iinrii.alclwiidctciisLu'st(. hodotPiminedwith accui.icy, althuU{,di tlio fiactiona 
sLill contained a liltlo Pibium m ytlPibiuin accmding to tlicii i-nsition N-Miienlum was 
made of any indications of its coniploxily , Urbain’s niptliod of pM'iiaiati.m, namely, 
factional ciystalhsition of Ibc nitiaU-s, ditb-is fiom the niclbods . f ^^plsl.afb and James 
(SCO Uibaiii, Ann Chim Phns , 1909, tvm J, l8, 279). 

» bliiincnfcM andUrbain, Com/ft nmJ , 1911, 159- 323. 

* Foi fuitbci infoiinalion on tliib puint, an<l i.-femiccs t.) the ^ce p 355. 

5 See llaincrc, Chrm, A'lcs, 1890, 74 , If'O. 212, Ciookos, ihuL, 1896, 74 , 259 , R. 
Ficscnius, 1896, 74. 209 , Sbaplpigh. ihui ,1897^ 76 , 41 

The “ elements ” losmiuin and nerl O'^miuvi (Kosmfnn, ZfUseh Elekliothnn., 1896 7, 

*1 97Q r/' Winkler 7,^7.. I'<n7, 30, bl) wne of a similar natiiro to luciurn. 

® This diagiam icpic&entb the results given by Mobpky, Phil. May , 1911, [vi ], 27 . 709. 
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arrangement of the elements is equivalent to assigning to successive elements 
a scries of successive characteristic intcgeis. The integer N for Al, the 
thirteenth element, has been taken as thirteen. The coiiesponding integers 
for the oLlier elements arc indicated in the diagiam and are spoken of as their 
atomic niiinber.s As abscissie, the sipiaio roots of the fieijiieneies (i ) of the 
lines have been plotted. 

ft 1.-4 clear from the diagram th.it wlien the values of N are plotted against 
those of i/i, the points he on a scries of smooth curves wliudi appioxiniato 
closely to straight lines. Such a remarkable relationsliip between the X-ray 
spectra of tlie elements cannot bo reg.irded as accidental , it is undoubtedly 
of gic.it tlu'oretical importiince The deductions that may lie drawn from it 
in connection with the rare eaitlis aie as follows (i ) an element, jucsinnably 
intei mediate in .atomic weight between Nd (1113) and Sm (150 I), has yet 
to be diseoxcred, (ii ) terbium and holmium must be regaided .is elementary 
substances, and (in) fouriaie e.arth eleunuils come between eibium (107 7) 
and tantalum (181 5) With legaid to (iii ), it follows th.at thulium cannot 
bo a nnvture of f/iree elements, as Welsbach mamtam.s, since yttei))inm and 
lutecium must account for tu'o of the available places , if, on the other liand, 
thulium is really eloment.uy. the e\istence of celtium becomes \ei> j)iol>able, 
the four blinks being presiim.ibly tilled in older by tbiilium, ytteibium, 
lutecium, ami celtiuin 

(ii.inting, then, the eMstence of celtiuin, it would ajipear that all the raio 
earth eh'nKmts at piesent recognised aie leally element.ii\ substanee.s,* and 
that only one other lemains to be diseo\eied ^’hat (Ins unknown element 
should come ludwecn iieodMinum and sam.iiium is, howe\ei, sui]>rising in 
view of the neg.itive result old.uned b} Demaryay in his si'.neh for such 
an element (ji .‘loD). It may be th.it the missing element is extiemely larc, 
and occurs in some laro eaith mim*i.ds but not in oLlieis, as cell mm 
.a])piMrs*to do, with tins possibility in mcw, seaicb is now being made for 
It by .lames - 

iMiitber woik on the X-iay spectra of tlie r.ire eaitli elements will bo 
aw'aitcfl with considerable interest 

Dkieci'ion AM) KsTiMvnoN oi-' iiiK Umie Kak'ihs-^ 

Qualitative Analysis. --Tin* analytical lo.ietnHis of the laie earth 
elenients arc suminaiihcd in the ai’conip.inv ing table, in which the reaetioiiB 
of sc.andium, titanium, '/iiecniium, and thorium ha\e been iiieludeil for 
])ui poses of comjiaijson V iiumher of special tests for cerium aie known, 
hut cli.aractoristic icaction.s lor the othei laic earth elements aio lacking; 
tlie foi nnitioii of a blue ad^oiption eompouiid of basic laiitbaiium aec'tatc and 
iodine, for instance, which has been proposed as a test for l.intbanum, is not 


' That IS til siy, they as 111111*11 light to the title of “ (‘IniiPiit” as liavo the sub- 
staiii’os iirdinaiily ie« oguisisl us i‘h*iiii‘ii(.s 

® Piof. .Tdiiips , pinato comiiiuiiicalmn to tlio auLhoi It may he iin-iitioned heiuth.it 
in wniknig U|) tin* i.iru eaiths (loiii ceiUiiii iiiiinsals, I’mf. .f.iaips oas oIisitvimI that small 
quantilns of a ludioactivi* ‘tiihst.muc coiicentiati* in the sinniium fr.ictmna b'uilher woiHc 
on till'- point IS in piogiess. 

l<'oi fuithor inloiinalioii on thih subject, spp R .f Mryei .iml 0 Haiisei, Du Analyse 
lie} iieltenrn K}'de}i and tin Erdsnineu (Enke, Stnttgail, IDliJ) , Mellur, A Trrnhse on 
QxKaiiUalwfi Analysis (C. IJiitliiiA Co, Ltd., 1013). 9n the analysis of ceiuim alloys see 
also Arnold, Zcitsch. anal. Chcni., 1914, 53i 496,678 ; llt^liicci, Ann, Chim. Appluuta, 1914, 
2 , 866 . 
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a specific reaction of that element, for it is given by praseodymium and 
possibly by other rare earth elements (see pp. 410 and 41G) ' 

Special reactions of cerium salts are as follows : — 

(i.) To a slightly acid or neutral solution of a cerous salt, hydiogcii 
peroxide and an excess of ammonium aeotato are added, and tin* mixture 
warmed to 40“-60‘’. A yellowish brown ])iecij)itate of basic jieict'in' acetate 
IS produced even when only 1 pait of ceiium is pieseut in 10,000 of solution 
(Hartley’s reaction).- 

(ii ) Very dilute ammonia is added, drop by diop, to a solution of a 
corous salt until a permanent precipitate just comuuuu es to form A few 
drops of liydiog»'u peioxide aio added and the im\tuie well shaken A 
yellow prcci[utatc or coloiation is produced even when only tiaers of ceiia 
arc present and other rare earths present in quantity.'* 

(ill.) A solution of a corous salt is warmed with \eiy eoiieeutiated 
potassium earhonalc solution, and a little hydrogen peioxule added to the 
clear solution, the solution tmns yellow even when only a tiaee of ceiium 
is present ^ 

(iv ) A solution of a eeious salt is boiled with an ammoniaeal solution of 
ammonium tai Irate , ittuinsdaik lirown owing to oxidation When traces 
of cerium arc sought, the oxidation may he accomplished by means of 
hydrogen ])ei oxide 

(vi ) The load jicroxide, sodium hi.smulhate, and ammonium persulphate 
motliods lucntioiicd later in eomieetiou with (piautitatno anal} sis (p 373) 
may bo utilised as (juahtatix'O tests for <'eiium 

(vii.) Amniomaeal silver nitrate is added to a neiitial solution of a ccrous , 
salt and the mixtiiie wainn'd, a blown (‘oloialion or black precipitate is 
pioduccd aceoidiiig to the amount of eeiiutn piesciit.® 

(viii ) The oeiium solution is made alkaline with sodium hydroxide, 
evapoiat^'d to dixness, and a diop of a solution of sliychnine in excess of 
sulphuric aead added The solution itiriis blue or violet in colour and then 
becomes led " 

The usual method.s for sepai.itiiig the laro eaith elementH from other 
metals m the course of analysis utilise the insolubility of (i ) the hydroxides 
111 ammonia, (ii ) the (liKii'ides in diluh* hydiolluoiic acid, and (ui ) the oxalates 
111 dilute mineral acids The following ])iocebs may be employcfl The 
metals that form insoluble ehloi ides and sulphides lusolubh' in dilute liydro- 
chlonc acid aie remo\ed, hyiliogen sulphide oxjielled from the filtrate, 
and ammoiuum ehloi ide and ammonia then adiled The piecipifate is 
dissolved in hydiochlorie acul, the solution cvajior.ited to dryness, a decided 

^ rMsi'udynnuni gi\*‘s a vi llnwiih on hettd m iIkj i)\i(li'iiig, uni ii gmoii bead * 

111 the ledufiiig flanu- , la oiJx iiuinii gives a VKih-t lusid in the leilueing llaiim. The eoloura 
aie seen only with eohl Invuls (.Millmuui, Ztii.srh attnl Clinn , l'aj7, 4 ^, O.o) On the 
miLiochrmicnl te<its foi the i.oe c.uthH, seu Po/zi-Esrot and (JoiKiiii'l, ('omiit inut , 1901), 
130 , 1136 , IJehieiis, Jrc/t 1901, [11 ], 6 , 67 , Voc. hiiv. chim , iyOr>, 23 , 413 ; 

R J. Meyci, Zntf<rh. anniq Ch'ni , 190‘i, 33 , 113 

* Ilaitley, 2>a/is* i'htm UtK , ld3‘J, 41 , 202, Dennis and Magoe, J Anirr. i'hem iS'oc., 
1894, 16 , 6 iy. 

^ Lecoij dc Boishandraii, Compt read , IbvS.'*, lOO, 605 , (;ieve, Hull Soc dnm , 188.') 

[)i ], 43 , 57 , Deniiia .'Hid Magcf, toe. at. , Male, />V/., 190J, 35 , *2370 

* Job, Compt rend , 1898, 126 , 246 , K J. Mvjei, Zd^ih aiwri; ('hem , 1904, 41 , 94. 

® Wirth, Chem Zeit., 1913, 37 , 773. 

® W. Blitz and Zmuueiniann, Her , 1907, 40 , 4979. .< 

^ Sunnenachcin, 1870, 3 , 631 , Sue. chim , 1870, [ii.J, 14 , 201 , Plugge, 

Aieh. Pharm., 1891, 229 , 558 ; Denmsaiid Magee, lot. cit. 
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excess of hydrofluoric acid added to the residue, and the liquid boiled for 
a minute or two. The residue of fluorides is filtered off, lieated with con- ^ 
centrated sulphuric acid, the sulphates dissolved in water, Jiiid any bariuiii, 
strontium, or calcium sulphate removed by filtration The rare earth 
elements aie tlion piecipitatcd from the liltiate by the addition of ammonia. 
They aio free from titanium and zirconium, but contain any scandium and 
thoiium ont^inally present ' 

For the qiialit.iti\o separation of the raic caiths themselves, so far as 
this is usually attempted, the methods given for their (puintitaLive sepal ation 
may bo followed 

Quantitative Analysis. — In the absence of other elements, a rare earth 
clement is usu.ilh estimated by precipitation as oxalate^ followed by ignition 
to the oxide Ihecijutation is prefeiably made from a boiling, dilute nitrate 
solution, slightly acidified with iiitiic acid, by the addition of OAalie acid , - the 
oxide fin.illy ohtaiiicd from a chloride solution is \eiy liable to contain traces 
of basic cliloride, pi esumably derived from oxalochloride co-iirccipitated with 
the oval.itc ^ The oxalate piecipitate should be allowed to staml foi se\elal 
houis (jnefcrably oNcimght) hefoie it is filteied. The oxide finally obtained 
should !)(• strongly ignited , eeria, for instance, as obtained fiom colons oxalate 
by heating over a Bunsen burner, loses 0 5-0 7 per cent, of its weight when 
ignited over the blowpipe ^ In all but three cases, the oxide obtained is the 
aesquioxide, M^O,, eeiiuin, however, leaves the dioxide, CoO_„ and piaseo- 
dymiuui and teihium arc obtained as peroxi<les wdiich may bo assumed'’ to 
have the eoinposition as alteriiaiix'cs, their peioMtlic oxygen may bo 

detcimiiied lodimetiieally, oi the peroxides ma\ be lediiced to sesipiioxides 
Vjy heating iii hydrogen In waughing the sesquioxides it should he home 
in mind that they take up moisture and cailion dioxide from tlie air 
faiil\ lapully 

The use of an alkali oxalate as precipitant instead of oxalic acid lias been 
carefully studu'd by Baxter, (Iriihii, and Daudt,® who have found that, in 
neutral solution, co-prccipitatioii of alkali oxalate occuis to a \cry aiipi’eci- 
able extent, except with sodium oxalate, which is only earned down in small 
amounts. The eontamiiiatum increases with rise of temperature, liiit may 
usually be greatly diminished if precipitatum is coiiducti'd m the picscuee 
of a quantity of a strong acid considerably moie than ecpiivalent to the 
oxalate added (-onbimmation with ammonium oxalati* is, of course, unim- 
portant for the giavimetnc delermination of the lare earth, but is as serious 
as contamiimtion with any othei oxalate w'hen it is desired to carry out the 
estimation x'oliimetrieally by titrating the rare earth o.xalatc.” 

A eoiivcnicnt alternative to the precipitation as oxalate is the pieoipita- 
tion as ^ehneutej elVeeted by adding ammonium scbacate to a boiling, neutral 
solution of the iiitr.ite ^ Precipitation as hi^drojride is also satisfactory w'hen 


' Soc A. A Noyes, Bray, and Speai, J Amn. C/ifiin Sot., 190S, 30 , 481. 

® See, e.g., Lonhei, J. Amo. Chem. Sue., 1908, 30 , 577 

® See, e<f., Job, Compt. icnd., 1898, 126 , ‘J46; Mutignon, Ann C/iim Pfiys., 1900, 
[viii], 8, ‘215. 

* Wyioiiboll'and Vcincuil, Aim. Chim. Phys , 1900, [viii.], 9 , ‘297 

® Welsbach, Monatsh , 1885, 6 , 477, Baxter and Giitfin, J Aii\< r (Virm. Sor., 1900, 
28 , 1684 ; Uib.iin .in<] >1 anise h, Compt loid , 1908, 146 , 127. 

* Baxtoi and tbiffin, J. Amcr Chem. Soc , 1906, 28 , 1681 , llaxtir and Daiidt, ibid.f 
1008, TO, r>63 

’ Foi tlic titiation, see the lefermws cited on p. 242. 

® Whittemore and James, J Amer, Chem. Soc.^ 1912, 34, 77*2 , 1913, 35, 129. 
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precipitation is made by means of ammonia from a nitrate solution Co- 
piecipitation of basic ehloiido when tlie clilondc is used li'ads to results 
that are slij^htly hij,di, on the otlier hand, adsoiption of alkali leads to very 
high results if sodium or potassium liMliovide is used as [uecijiitant * •* 
Matigiion has roeommended the detiumiiiatioii of the raie eaiths by weigh- 
ing them as llie anhydious sulphaU s* - 

Separntiou of the lime Earth Elcmcntsi fumi of her Mi tab - \{ might be 
anticipated that the separation of tlie iai(* e.nlli elements fiom soiliiim or 
potassium could icadily be a('eom])li>hed by precipitation with ammonia or 
oxalic acid Such, howe\(*i, is not the case, for appieci.ible i|u:iutitics of 
allcall com[)omids are eo piceijatatcd \ satisfactoiy scpaiation is allbrded, 
how'ovei, liy piccipitation with .immomum sc'b.uMtc fiom a boiling, neutral 
solution of the nitiate.'* 'I he tluoiido nu'lhod also ajipi'ais to be satisfactory 
A (piantitati \ 0 sep.iiation fiom lithium m.iy In' elh'cted with oxalic acid if 
the pioci[)itation is made in a cold solution ni the jncsence of ammonium 
chloride. * 

the liist steps taken m otVecting the (piautitative se 2 >aiatiou of tlie raio 
cartli elements are usually the same as those follow ('d in (]uah(.iti\e work , 
metals which form chloiides or sulphides msolubh' m dilute hydiui hlonc acid 
aic removed in the usual manner, tlie filtrate fieed fiom hxiliogen sliljihide, 
and the laic (‘aith elements then piecipitati'd as hydi oxides by the addition 
of ammonium chloride and ammonia lion, aluminium, chiomium, glucinum, 
zireonnmi, thorium, uianium, and titanium may he eo-j)iecipitated, while an 
almost complete' separation from zinc, m.mganese, nickc'l, cobalt, magnesium, 
and the alkali and alkaline ('aith iiu'tals is obtained The si'jiaTiition may be 
rendered moic ellicicnt, if lu'cessai}, by solution of thi' pii'iapitate in acid 
and icpn'ci[)itation w'lth ammonia In larei'aith mineial analysis, chiomium, 
zinc, nickel, cobalt, barium, stiontium, and the alkali metals aie seldom 
eneoiinleied, while titanium is usually lemoved at tlu' (‘omiin'iicement 

1 h(' laie eaitli elements arc separated from the otlu'r metals contained in 
the ammonia jni'cipitate by means of oxalic acid A\ hen the ('eiium gioup 
predominates, the following eouditn)iis are most suitable ’ 'I’lie jiiecipitatc IB 
dissolved in h\tliochloiie acid, the com entiation of the acud Ix'ing ailjusted 
so as to ])C between 0 ‘JoX and 0 bN, and fiO c c of acid being nsrsl for a gram 
of mixed earths Precipitation is then eHeeted by the afhlition of suflieicnt 
oxalic aeifl for the tinal lapiid to coiitam 3 giams of oxalic acid per 100 c.c., 
I'lnd the whole maintained at about OO' for tweho hours The best (‘miditioiiB 
when the yttiium grou]) ])iedominalcs leipnie to be m\estigat<'<l 

The rare earth elements aie thus separated as oxalates, but still in 
association with tlunium With respect t(» the si'paiation from the other 
metals, it has been oirseived tliat tlie rare earth oxalates are apiueciably 
soluble ill solutions of uraiixl salts,*’ and also, though to a less extent, in 
ferric and aluminium salts,' eomph'x uianvloxalates, etc, being pioduccd, 
hence a considei.ible excess of oxalic acul has to be added to ellect a ipiantita- 

* T. 0. Siiirth and Janicb, J Am.'i. (%'vi Sm , 1911, 36 , tn'-, (;hnt\ A'lvs 1914 
109 . 219 ’ 

- .Miilignoii, Ann ('him Plun , 19015, fMii |, 8, 247 

•* Whitti'iiKMc and .lanii*s, J Amu (’him 34 , 772 {^ \ I91.‘i, 35 , 129 flia, 

Cc, N<1) In tlif cji.se (it V -K inixtim's, dniililc )H(( ijnt.itK.n ih imcssiiy 
Wliittcmoie and James, ihut.^ Isl 2 , 34 , 772 (Y;. . 

“ Hauser and Wiith, ZeitsAi anal •'hem., 190S, 47,^89. 

® Hauser, Zeilsch. anal. Chem., 1908, 47 , 677. 

' Dittnch, £er., 1908, 41 , 4373. 
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tive precipitation, and the determination of small amounts of rare earths in 
uranium minerals is rendered very difficult.^ 

Tlie Hcparaliou of the rare earth elements from thorium is most con- 
veniently dealt with in a separate section, but at this point tlie iinithods for 
opening uji rare earth minerals for analysis may be mentioned As a matter 
of fact they have already been enumeratod at the beginning of this chapter 
(see p. 318). Silicates may, if necessary, bo fused with sodium carbonate, but 
as a rule they may be completely decomposed by evapoiation with a'pia regia. 
Phosphates^ such as mona/ite and xenotime, may also be decomposed by fusion 
with sodium c.irlionate or fusion mixture, and removal of Die alkali phosphate 
produced by extracting with dilute sodium hydroxule,- altliough monazitc is 
usually treated with sulphuric acid or bodium bisuliihale * The cohnnho- 
iantalates and i elated minerals may be attacked by one of three metliods. 
(i.) The mineral is fused with an excess of sodium bisulphate The mass is 
extracted W’lth watei, the solution largely diluted, and boiled for several hours 
in a flask fitted with a rellux condenser If titanium can then be detected 
in the liquid, the free acid present is partially neiitialised with ammonia and 
the boiling continued until the titanium is entirely precipitated. The Injiiid 
is tlieii filteied, it contains all the rare earth elements, thorium, ziieonium 
(part), uranium, etc , while the residue may contain columbic, tantalic, titanic, 
tungstic,^ stannic, and silicic acids, ziiconuim (pait), iron (part), and sparingly 
snlulile sulphates or basic sulphates such as those of lead, miuTiiiy, biMuutb, 
etc. (ii ) The fimdy ])owdered mineral is dccompi'sed by means of hydro- 
fliiorio acid (sec p. 311)) (in ) The mineial, contained in a porcelain or silica 
boat, IS placed in a combustion lube and lioated to dull redness in a stream 
of the vapour of disulphur diehloridc (’olumbium, tantalum, titanium, and 
tungsten aie tlius removed as volatile ehlondes or oxycliloiides, and collected 
in dilute nitiic aeid, together with some oi all of the ^olatllo ehhtridi's of iron 
and aluminium. When decomposition is comjilete, the residual chlorides 
in the boat arc cooled in a stream of Indrogen ehloiidc and their analysis 
efFcctc'd in the manner already described ’ 

Traces of raio caiths aie occasionally found in sihcafe rorhs, and may 
be deU'rimncd as follow's The pow’dered rock is paitially c\a])oratcd with 
hydrolluorio acid several times, the insoluble lluorides or silicotliiorides 
separated byfiltiation and conxerted into sul})hates by means of concentrated 
sulphuric acid The filtered solution of the bulpliatcs m dilute hydrochloric 
acid ib ju’ccipitated w'lth ammonia, the precipitate dissolved in hydrochloric 
acid, and the lare earths precipitated as oxalates 

^ Aoooiduig to Whittcuioic andJames (/ Amer. Chem .Voc,, 1H12, 34 . 772), yllinuui'i 
satisfiictoiily si'paiatcd fioni iron, aluminmni, and nijignp‘<iiim by piccipiUtiun xvith oxalic 
acid in a cold Holution to which ammoniuni chloiidc has hpcn addrd Sniilh and James {ibtd , 

1913, 35 , r)63) have shown that precipitation with oxalic acid 111 a slif;htly acid boliition 
gives a satisfactoiy sc])aratioii of neodyimum from titanium, iiianiuiii, gluciiuini, /iiconium, 
and banuin. 

* See, «.»/., Chcsiicau, Cimj/i tend. 1911, 153 , 429. 

» Sec, c.g , rdaser, ./ Ama Chnn So, , 189(5, 18 , 782. Chem Znf., 1896 20 , 612; 

I fioseiuns and Iluitz, Z,'ifs>h niml. (%ni , 18‘>6, 35 , .'>25 , Ilintz and Wchci, ihd , 1897, 
36,27,676; Wcw?.^ Zeiisch anqew Chem., 1902, 15 , 297 ; Johnstoiip, J Sor Chnn Jnd.^ 

1914, 33 , F(»i anotln'i* method ot attacking phosjihatcs, sec liailnt and Chaiivenct, 
Cmjit rnid., 1913, 157 , ll.’iS 

* On the ficjwiation from lungston, see also Wiindci and Scli.ipna. Ann. Chim. anal ,, 

1913, 18 , 2.57 ' Hicks, J. Amer (%'m So, , 15*11, 33 , 1492 

* W. F. Hilicbrand, TJu Anc lysis of Silicate and Carhmdc Hods (“bull U.S. Geol. 
Survey,” 1910, No. 422 ), p. 143, where an alternative proceduic will also be found. 
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Sej'iciration of I'hot ium font thfi Kate Earth Kh'mcnts. - Tho mixed oxalates 
of tlic rai'o earth elements and thoiiiim me oonM'iled into tlie nilialcs by 
hefitmg on the steam-bath witli a mivtuie of onliiniv conccntiatod iiitiic 
acid and the fuming acMcH The Ii(|nid i-s e\a|)or,iti'(l to diuiess and the 
lesidne dissohod in lOOoe of 10 pei cent ainmoninm nilrale Tlic‘ solution is 
warmed to 00 -SO C, an<l tlio thoiinm [)ieeij»itaU'(l by the addition of pure 
3 per cent hnlrogi'n jieioxide The piei ipitate is lilLeied, wii'^lied with hot 
dilute ammonium niti.ite, igniled wet in a platinum eineihli', aiul wi'ighed as 
thona, liO^ ^Ihis nn'lliod gives \ei\ good lesnlts for gieiit aeciiiaey, tho 
moist pieeipitate may be di.ssol\<*d in nitiieatnl and tlio thoiium lepieeipitatcd 
as peroxide.'^ 

Altoin.ilno methods are the thiosnl[)hal<', inflate, inroplu^spliati*, hypo- 
phosphate, fnm.ii/ite, meta nilrolx n/oate, lead oailxmato and seliaeate pin 
cesses mentioned e.irlier in this chapter (see p .121, where references to tho 
hteratnie will Ix' ffmnd), pieeit»ilation as basic thoiiiim acetate,*' j)ie(‘i[>ilation 
f)f the thoiinin as h\flioxide by ceitain w(*ak fiiganu* bases, \ol.itilisalion of 
the thoTinm as the ehloiide,'* etc The thiosnlpli.ite method is the obh'st and 
one ol the most convenient It is lathei tedious to e.iiiy out when lesnlts of 
a high degice of aeeiiiae\ au* ie([niicd,' but foi many pniposes Ih'' jiiocediiro 
may be simplified Iheeijiit.ilion should be ufleeted fiom a dilute M)lnlion of 
the mixed chloiifh's altei h.iMiig e^a[«)l.ltell it to di \ lu'ss or adfleil ammonia 
to expel or niaitialise lice acids, and tin* sodinm thmsnlpliate adfled should 
bo at leii'-t C(jiii\al(‘nt to the total laie eaiths tiK'seiit After boiling for 
fifteen miimtes onl\ a tiaee of thoimm remains in solution , but, unless the 
thona eonstitntcs som(‘ !10 pf'r cent or more of tho total eaitlis, tin' ])n'eij)itato 
contains small amounts of e.iitiis (»lh(*r than thona, whu'h must be* Tcmoved 
by a second precipilation A thud preeipil.ition is seldom n('ee‘.sary 

Separation of the Rare Earth Elements from One Another. — 

A generar solution of this ])ioblcni is not yet known. Asa rnli> tbe eeiinm 
is dctormiiK'd and an approMiiiato separation of the Konaining i‘lements into 
tlio ceiiiim and \llinim groups elledcfl. Two imdliods of [Ofieeflnio are 
a\<iilablo (1 ) the ceiiiiin is si'p.uatfd fiist by a siiil.iblo gi<i\ inietrie method, 
and (ii ) the scti.ii.ition info the enmm ainl \ltnnm gionps is earned out 
fiist, and tin* ceiium siib.sc<nwntly (‘stimated either gravirneti ically or 
volumctncally 

1 Cf Itoiolli, 11*00, 39, 1 

- Acconliiig to K C Wells ' / Sm ( Item hnJ , 1910, 29 , 1301), tins irsiilts Fioin the 
bakiiKiiig ot sliglit positive and iimalivi' 

W^iiiiiboll aiKi VeiiiiMul, JSkH .SW <Iiiii\ , is97, fm ], 17 , 070 ; 189S, 19 , 219 ; Ctnnp! 
rend . lS9ft, 126 , 310, 127 . tl-, Ann ('him Jl*09, [vm ], 6, ‘ISO , Ueiw, Zediteh. 

angcir diem., 1902, 15 , 297. 

* Records Geul Smini j\ S If'nfes, 1909, 8, 276. 

*■' jMibS .Jellois<Jii, J. Amer. Chem Sue , 1902, 24, .040 , Jl.iilwell, ibid., 190‘1, 25, 1128. 

® Houiion, Ann Chun. I’hm., 1910, |vni j, 21 , 109 

^ For the iicecssaiy piocciluie, see White, Leitiiie nn 'Ihnmmi nvd /N ro/x/Ko.nf/ji (Tho 
Iiihtiliito of C'hoinibtiy, 1912); ef. Johnstone, J, AVr ('hem Imt., 1911, 33, 6fi, and the 
rcfeiences cilcd on p. 321. 

“ When jiioeedurc (11.) is cinnloved and llie renuin defemiined volimieliif iilly, th^ 
volumetric analysis is madii aftei the wei;,dii of the total i.iie eailliH ot the cciniiii grou]>, f 
including the ceiia, has hecn a'-teiUiin d tlie leiia earths olhoi tlmi cum may then ho 
calculated. This latter robiilt, howoei, will he slightly in excess of the tiiic vuliio owing 
to the pieseiice of praseodymium dioxide 111 the oxides weighed 

The ciror caused by the piaseodyiiiinni may lie ch4i^iiiatcd by healing tho (fXides to 
redness in hydrogen, but only when cena has bscn previously removed, for ceiia lobes in 
weight when heated in hydrogen. 
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Separation of the 'Cerium . — Assuming the thorium to have been removed 
by the poioxulo method, the filtrate is treated in a dish witli excess of 
ammonia and li}drogen peroxide, the Inpiid boiled, and then the whole is 
evaporated to dryness on tlie btcam-bath. The residue is carefully heated 
until animoniuin nitrate commences to decompose, or else dried at 110“; 
the perceric hydroxide is thus conveited into ceric hydroxide. The residue 
18 fbssolved 111 strong nitiic acid and the cerium separated as basic ceric 
riitrate-snlpliate as described on p 333, about 0*1 gram of ammonium sulphate 
being used to 0*5 gram of mixed laie caiths. The prccijiitatc is filteied off 
and washed with hot dilute ammonium nitiatc. To the liltiato 0 5 gram of 
sodium acetate and about 0 5 gram of ammonium pci sulphate arc added, and 
the lapiid boiled. Tiie lemaining cerium is thus precipitated, together with 
traces of th(‘ other elements. The two piccipitates are ignited together at a 
white heat, and the cciium weighed as ceria, CeO^ ' In mincial analysis the 
result is then ciilculated to ccious oxide, Ccot),, since the ceiinin minerals 
are ceroiis compounds 

111 addition to the preceding piocess the bromato method described on 
p. 334, and Mosandei’s chloiine method, outlined on p 336, may be employed ^ 

Scpaidfion of the <\>}nun and Yttrium Gioups — This separation is usually 
effected by the double sulphate method. The rare eaitb elements, having 
been freed fiom thorium, aie suitably tieated to obtain a very concentrated 
and ncaily neutial solution of the chlorides A largo excess of a saturated 
solution of potassium Hulphatc is added, together with a few grams of the 
powdcied salt, and the whole allowed to stand for twelve hours, with 
occasional agitation. The crystalline ])recipitate is washed with satuiated 
potassium sulphate solution, lecoin cited into the chloiide, and the separation 
repeated Fiom the combined filtrates the yttiia eaithsare jiiecipitated as 
hydroxides, and then conveited successively into nitrates, oxalates, apd oxides. 
The total ccria caiths are extracted from the precijutated double sul[)hate8 
in a similar manner. The weights of the mixed oxnlcs gi\e apiu’oximatcly 
the amount of ccria and yttria earths piesent Sodium sulphate is not so 
satisfactory a precipitant as the potassium salt 

An alternative method has been proposed by James and Siintb A 
solution of the mixed nitiatcs is fiist prepared. I’his is o\.ii)oiated to 
dryness, tieated with 25 c.c. of concentrated nitric acid satuiated with 
bismuth magnesium nitrate, and then a further 10 giams of bismuth 
magnesium nitrate and 1 gram of magnesium nitiatc added. The whole is 
warmed and stirred until most of the salt has dissolved , it is then set aside 
for twenty-four hours The piecipitate is collected in a Cooch crucible and 
w'ashed with nitric acid saturated wuth bismuth magnesium nitiate 

In this method the metals of the yttrium group remain in solution, while 
those of the cerium gioup arc precipitated almost quantitatively 


1 Wyioiiliuff iind Vcincuil, Comjit, rend., 1899, 128 , 1331 . Ann ('him. Ihns, 1906, 
[viii.], 9 , 345. 

r “ I'or (U't.uls (if the fuimcr, sco James and Piatt, J. A inn t'hem S-jc , 1911, 33 , 1326 ; 
fill details of the bitlci, sec Johnstone, J Soi Chem Ind ,1914, 33 , .55 , Ilansci and Wntli, 
Zntsrh amd Chrni , 1909, 48 679 ; Biowming and Holu-its, Annr. J. Sci., 1910, [iv.], 
29 , 16. 

* Sec, e (J., Johnstono, loc fit , and cf. footnote 8 on p. 371 

* James and T. 0 Smith, J Lmcr. Chnn Sot , 1912, 34 , 1171. 

° Piccisely huw' saniaiiuin, ehropiuni, gadolinium, teibiuin, dysprosium, and holmium 
behave is not known. 
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Volumetric Estimation of Cerium — Se\t‘ral voluiiK'trii’ inolhoda arc 
available whcrcliy ccniiiii inuv bo acciiiately (lotoniiiiiL'd iti tbo piostMicc of 
the other larc eaith elcmcnta They are all based the eoiiMMhion of 

corona ii^o ceric salts or vice versa. 

(i ) 'riic mixed nitrates, in cold, coin'ontiatod nitiie acid sohilioii, are 

treated with an excess of learl peioxide and sliakiMi iinld oxid.ihoii of the 
colons salt IS complete. In the liltered solution the eeiie ■s.dl is tili.ited 
with standard h}dro»^en peroxide until the colour of the e('Me salt just 
vanishes. — ^ * 

2Ce(Xnj)j + Il,<), = -J('e(.\(),)^H-L>llN(), + (), 

(ii ) The lead peioxide of inc'thod (i ) is lejilaeed by bismuth ti'lioxide, 
oxidation bcini^ cncct(‘d in cold nitiie and (I vol of and to 1 of w.ilei) The 
solution IS diluted, tilteied thioinrh asbestos, excess ctf slandaid h\diogon 
peroxide addeil, and theexee.s^ litiated with st.ind.iid potassium p(M man^.inate ® 

(ni ) The oxidismti: aj^ent uscmI is sodium bismuthale, and oxidalnm ellected 
in boding, dilute snlphuiu' and (1 of acid to I of watnjni the [uesnice of 
a or two of ammonium sulphate The liltned solution is K'diiced 

with standaid ferious sulphate, exei'ss of which is titialed with potassium 
peiman^oinate 

(iv ) Oxidation to the ceiie slate is (‘ilected in boiline, dilute sulphniic 
and by means of auuuomum peisulph.ite , tin' liti.iLiou is tlini ('lb cti'd in the 
cold Inpiid by the, u.s(*of hydioueii [leioxide and potassium pei maneanat('.* 

This method is larL;e]y emploxed It f;i\i's j^ood results, but ie(puies 
careful attention to points of det.iil 

(v.) The oxid.ition is ellected by means of potassium h'liK xanidi' in tlic 
presence of alkali hxdioxido — 

CV,b^),), b21x,lM'((^X), + SK()II = L>(W()ll)j + l>lxJ-V((’\),,-l-;{|x,^^ 

The ceiie hydioxide is innoved by tiltiation and tin* pitta^siiim In ioc}anide 
in the liltialo titrated with jiotassium peimans.''anat(' in the jncscnco of 
Bulphiiiic and 

(m ) Tin' neutial solution, containim' the ceiium as ceious s.ilt, is added, 
with constant shakinjr, to a delinite volume oi hot, standaid pot.issnim pci- 
inanj'anate containing excess of maf^nesi.i in suspension, until the pei maiu^anato 
IS deeoloiiscd — ® 

3Ce{XO,),4-KMnO, 1- lMfrO + 8JI..O 

-;?(V(011), + MnO^ ■_>lt/) + 4.M^(N(),)_,+ KjNOj. 


^ .lob, Compt ini't , 18!'U, 128, lOt , Ann I'hiin. nn/'< , UinO, (\ii j, 20 . liOfi , 
ChcsncMU, Compt tmU., 1911, 153 . 1-9. (f (jibbs, Amn J ,S'- / . I'ljl |ii |, 

Billing', J.piifU (%/n , 187r», [11 ] 12, J‘11 

“ WaegiiL'i iHid Miiller, 7/«r, 1903, 36. 282, 1732, rf Oibb'., Aimj ('lum. J., 1893, 
IS, 546. 

* M(*tzgi*r, J. Amer. Chnn, Suf., 1909, 31, 523 , M(*t7g(*i and H^’idt'ibrrpji'i, ihut , 1910, 

32, 642 » 

* Yon Knoire, ZcitvJi. amjm . t'hnn , 1897, lO, 6f'.5, 717, lin , 1''00, 33, 1924 , 

Power and Sheddon, J. Soc. Chm. Imt , 1900, 19, 636 Slndilii li 'lohn. Veisueh- 

samtes, 1912, I, 45, J. Sue. CJinn Jmt., 1913, 32, 139) "Mdisrs with ^ lilniic .icid 

“ BiowMiing and Palnar, A7nrr J. Sci , 1908, [i\ 1, 26, 83, Chun Xu's, P'OS, 98, 106; 
Zeitsch anurq Chem.y 1908, 59, 71 i 

® It. J. Meyei and Schweit/t*i, ZeiUch. anorq. (’hem , '907, 54, ^54 , rf Biiiuia*!, Chem. 
News, 1895, 71, 283 , Lenhcr and Melochi*, J. Amcr. them. Sue , 1916, 38, 66. 
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(vii.) When ceria ia digested in an atmosphere of carbon dioxide with a 
warm aohition of potassium iodide m concentrated liydrochlonc acid, it is 
quantitatively reduced to the colons state and the liberated iodine may bo 
titrated witli sodium thiosiiljiliatc — ^ 

2(;(‘0 . + 2 K I + 8 1 1( :i = 2( )eCl3 + 2 KCl + 4 1 1 ^0 + 

This reaction, liowever, is of no piactical Nalue for tlie estimation of ceiia in 
mixtuies of eartlis.- 

(viii ) Small quantities of ccria present in tlioria may bo determined 
colorimctrically.'’ 

Quantitative Analysis by Spectroscopic Methods — (i.) Sj^ark 
Spectra. — When the relative degrees of persisteuev of the lines in the spark 
spectrum of, say, lanthanum chloride solution, arc known, it is clear that the 
results may lie utilised to advantage for the purjinsesof quantitative analysis. 
A dilute chloiide solution of the substauei* ** containing lanthanum is pieparcd, 
of know'll concentration, and its spark s|H‘ctrum examined. A iirst approxi- 
mation to the lanthanum content of the solution being thus obtaim'd, closin' 
and closer appioximations to the true value may then lie ohtamod ni 
successive trial experiments Tlie feasibility of such a melhivl ol analysis 
was dcmon>trated as long .igu as 1881 by llartliT , ^ at the picMMit time, 
though, the necessary data for the spaik spectia of the laie iMitli elements 
arc almost entiicly lacking 

(ii.) Almirption Specha . — Two genoial methods may here be employed 
for the estimation of lliose laie eaith elements that gi\(' use to abhoiption 
spectra. 

In the liist method, the absoiplion jiioduced by tlie (‘hnnent m the sub- 
stance to be analysed is recoided photoiriaphically .\nd conqi.iu'd with a senes 
of photogiaphs of the absorption jnodiiced by the eleiuenl at a^ senes of 
known concentrations and under the same comlitions of experiment 

In the second method, the amount of absorjition e\ei ted hy the substance 
IS measured quantitatively at those regions of the speetiinn wheie its absorp- 
tion IS most ehaiacteiistic The iicccssaiy ])hotoni('tiic measurements are 
effected by the use of a spectiophotometer, for a descnption of which the 
reader must be referred elsewhere The method of calculation may, however, 
be briefly outlined. 

Suppose tliat a layer of absorbing medium is used of thickness d, the 
layer being bounded in ])art by two paiallel faces, on to one of which homo- 
geneous light*’ of intensity falls normally. If the light I'meiges fiom the 
opposite face with intensity T, then 

where <i is a constant (the absoijition coeflieient) the xaluc of which depends 
upon the nature of the medium and the wave-length of the light If d' is 

* Bunsen, Aiinahn, 86 , 265 , 1858, 105 , 49; Browning, Amei J Sci., 1890, 
[iv.], 8 , 451, Ch<in Xeics, 1900, 81 , 30 , 41, Zeif^rk anorij Chem , 1899, 22 , 297. Biauner, 
-ibid , 1903, 34 , 207 

Male, Ber., 1902, 35 , 2370; R. J Meyer and Ko'?s. Ber., 1002, 35 , 3740, Mcngel, 
Zeitsch. amiq Chem., 1899, 19 , 71. 

“ Ben/., Zcilsrh anqew Chem , 1902, 15 , 800. 

< Hortley, Phil. Tium , 1S84, 175 , 49, G25. 

® For La, Ce, and Y, see Poll'dl-und Leonard, Sd. Pioc. Roy. Buhl. Stjc., 1908, ll, 2.57, 
and the table of wave leiigtlis pivt’ii on p 307. 

** I,e. light of one wave-length. 
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the particular value of rf for «1.W, I/r„ = l/10. then l/,f is called the 
extinction ooeflieieut and denoted hy a. It follows Ih.it (1 = 10-* and 

In aoecirdanee with Heer’s l.,iw, ,f e. e", e'" ... ho tl.e eoiieenlMtions of 
aisoihmg snhsl.ince, and the eoiiespondin^ thickiie^se.-, of alhorhina 
to fall fioin 1„ to 1 be if, </', d"' , Ihon 

f ^ ~ then, the cvlinetion cocllieienls ol the solutions 

oe tt, a , a . . it follows Ih.il 


. . . =A, 


or, m gciiieiiil teiins, 


whore A, called the “absorption latio,” is a eonstant that niav be deli inmied 
onco foi all lor any p.u ticul.ir ah-ioilnnt' sult'-tanctj in a ^nviai^olvi'nl 

J^iippo^o, now, that the concentr.ilion (•) of lu'otlv nniiin in an iKnu'oiis 
solution of rare oaitli diloiidos is HMiuunl ilu‘ i‘\linction coi'lli. irnl (a) is 
iiieasurod hy tlui spoctiopholomoioi at a iKiiliouI.ii pail of l|. > siMM-tniin 
\Uiorc the ahsoipuon latio (A) for aijiieoiis noodyniiiini chloride is known. 
iM’om the lelationship c = aA tho rc<|iiiied eoiKenliation can thi'ii hi* iniiiiedi- 
alcly calculated 

Jt has hcen alicady poinled out in the preceding' cliapLci that tho ab- 
soiption excited hy a i.ue e.iilh sail is niodilied h\ the pii'senee of a .salt of 
another laie eaitli clement, even though the second salt no alisoiption ' 

spectrum Ifonce incasnieinents of concenlrations cnccUsl hy ohsenatioria 
upon ahsoiption speetra only mvc a|)pioMinaLe icsults whei; niixtmes are 
exainiiK^, l e in the onlj cases wheic one neisl lesoit to the pioeess at all ^ 

/ 111 fni nut len, smi Ikiln mul lJunsen, Annahn, ISOO, 137, .10, MuUimunn 

and MnlA.l lin Is'di 32. and H Knis., and r/.fOi/S 

(\oss, Le,,./,jr o„,I od , iMoy), Tlnape, A /^iJe-rnfiy ,>/ A,.plud 
(hoiifTmaiiN ItllJ I'Mli, M,l. V. aitid. “SjMMtniin \n.il)Ms” , M.vim and 
liiiusoi, Ihe Annlifhc df! selleion Euien uni/ d'^t A’/f/sne/f/i {lOnke, Stntlff.nl, I'Miij 



CHAPTER XII. 


THE RARE EARTH ELEMENTS {nmiiuucd). 

THE CERIUM GROUP. 

Thb rare earth cleinenta inelinhMl in this I'roup are five in nninhor, namely, 
lanthanum, cerium, jmicsodymiimi, neodymium, and samaniim 'I'lie chemistry 
of those elomentB is faiily well known, tlio eommorcial Irealment of mona/.ito 
sand for thorium havin*' onahle<l lar^o tiuantilies of the eaiths of the ceiium 
group to ho placed at tlio di«pos<il of scientific invest luators. 

The isolation of ceiia fiom tlic inived ceria eartlis is a comparatively 
simple operation The sepaialion of the rcmaininj» niemheis of tlic gioup 
is most conveniently ellected hy the fr.ietional crystallisation of tin' double 
ammonium, magnesium, or manganese nitiatcs, as desciihed in tin' piei'cding 
chapter. 

The points of difleienei* between the cerium and yttrium gionps liave 
been already stated (see p ’Jli)) 

In the following acisuint of ihe cciium elements and th(*n com})ounds 
oerium itself is dealt witli tiist, the other elements being then taken* in their 
serial order. 


CERIUM. 

S}ml)(»l, Ce. Atomic weight, 140 2.'> (0- 16). 

Cerium la the most abundant of the rare eaith elements Its oecnrrence, 
Wstory, atomic W’eight, homogeneity, and analytical chemistry have already 
been discussed in (Chapters X. and XI. 

The separation of cena from the other rare earths and its piiiification have 
been discussed in some detail in Chapter X. (sec p 1132) On a commercial 
scale pure cerium salts are obtained by (i ) the permanganate method (p. 335), 
(ii.) the basic nitrate method (p. 332), or (lii ) the ci'iic ammonium nitrate 
method (p 336), the procedures already outlined being smlahly modilicd for 
technical w’ork. Only a small pioportion of tiic ceiinni available (in mona/.itc 
residues) is worked up into pure cerium salts. 

Metallic cerium is obtained by the electrolytic methods previously 
described (p. 230). 

Cerium^ is a metal winch resembles steel in appearance and takes a 
high polish. Its density is 6 92 at 25'’. It is malleable and highly ductile. 


* The properties of ceiiiim as here given aie substantially those stated by Hirsch, J. Iwl. 
JBng. Chem., 1911, 3 , 880 , 1912, 4,^35 , Tams. Amer. Klcctrnthem Hoc , 1911, 29 , 67. See 
also Muthniaiin and Kraft, Avnalen, 1902, 325 , 261 , Muthiiuiin and Weiss, AiiTUilcn, 1904, 
331 , 1 ; Hillebrand and Norton, Poyg. Ann dcn, 1875, 155 , 633 ; 156 , 466 
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may bo readily cut with a knife, and can bo inaeliinod f.iirly well,' although 
there is a lendeney to buckle Its iilliinjito strengili is <) kilos per 
square mrn The metal is p.iram.i!jfiietic, its magnetic Misce[»tiliility at 18" 
being 15 lO ^egs units pci gi.im * Ceimm is a faiilN good <‘oii(liictor of 
heat, but a poor conductor of dcitnciU, lU i(‘sist.ince IxMiig 71 1) mirioohms 
per cm cube at the ordmaiy tempcialuic The following \alues Ii.ne been 
obtained for the specilic heat — - 

Meiuleleoir . ? spec ht. -(M'r) atomic lit 7 ()l 

Hillebiand . 0"- 100“ „ -0t)llS ,, -O-JS 

Hirsch . . ‘Jcr-lOO" „ -=005112 „ -7 17 

Hirsch’s value was obtained by using the dillercntial steam caloiimeter and 
operating with 70 giams of cerium The atomic beat of ctuium tliiis apjiears 
to be unusually high. (Jeimm melts at 055“ (lliiscb), ()25 (Mutbniaiiii and 
Weiss). 

CVrium takes liie in an* at IbO’, binning with (‘\en gieatiu biilliaiicv than 
magnesHim and o\ol\iiig inm b beat A sbowei ol ^jiail^s is piodiiced by 
sti iking the metal wall a Hint W ben a lump ol ceiiiim is kept waim in a 
closeil bottle, abl.ick powdei slo\\l^ fouiis on the siiif.ice, and wlu n lb(‘ bottle 
IS opi'iu'd the powdei inllames spontaneously (’eiiiim Imins bi illiaiilly in 
cbloiinc at 2lO"-215 , and in biomiiie at 215 220 , italso combines diiei’tly 
with hyd logen, nitiogen, iodine, siilpbui, selenium, ti'llniinm, aisiuiie, 
antimony, etc It iediic(‘S caibon monoxide and caibon (lio\id(< witii tbu 
bcjiaiation oi caibon 

(^eiiuni pi(‘s(‘i\es its liistic in diy, but tannslies in iiioisl an It is veiy 
slightly attack<‘d by cold watei, but in boiling walm a slow evolution of 
h}(liogen occuis At ilie oidmary lemperatuio etbvl and amyl aboliols, 
chloiofoyn, carbon teti.icbloiide. and concentiated solutions ol sulpbnnc acid, 
sodium and ammonium iivdioxidcs lia\ c no action on cm inm , dilnle b\diogen 
peroxide, ammonium anil ])otassium cbloiide slowly attai k il, and the action 
of hydrocbloiic or iiitiic acid, both dilute and concmili.iled, and dilute 
sulphuric acid IS model ately vigoi oils At lioiling lempeMlnies the mineral 
acids, dilute or concentiated, attack the metal lapidlv, exceiiL cone mit rated 
sulphuric acid. 

According to lliibch, ceiium is best pniilied by beating il with boiling 
mercury in a long non pipe The ceiinm amalgamates with the mojcniy, 
and the impurities may be skimmed oil’ lioni the molten amalg.im The 
amalgam is placed in a magnesi.i vessel, the whole placed inside a larger 
quartz vessel, and the amalgam heated very stiongly m vacuo to diivc off 
the mercuiy 

Alloys. — Cerium alloys leadily with a largo number of metals M-niy of 
the allovs thus obtained are ba«l and buttle, dillering tbcMioie iiom pure 
cerium, which is soft and mallcjuile Accordinglv, small paitiebvs aie easily 
detached from the alloys by fiictioii, and when the allo}s aieiicli in cerium 
the heat jirodueed is more than sutlicieiib to raise the tenqieiature of the 
paiticles above lOO", the ignilKuiqioint of ceiium Heme numerous alloyg 
rich in cerium are ])}rophoric Some of them, cy iion-cerium alloys, aie of 


* M. Owen, Avn rhi/'>ik, 1912, [iv ]. 37, 657. Pi*>r K Uml lV,trn<trh Amtlndam, 
1911, 14, 637. * 

Memleleenr, Hull Wad Stt P^hotpad, 1870, p 445, llillubiuiid, J\>gy dnaaZcn, 
1876, 158, 71 , I 111 sell, loi. cit. 
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commercial importance owing to this property, being utilised in the manu- 
facture of autoiiKitic lighters, etc.' The alloy of ceruira, lanthanum, etc., 
known as “Mischinetall,” is a valuable reducing agent (sco p. ‘230). 

/W/i/ //I alloys with cerium quudly, foiming a hard and somewhat pyro- 
phoric alloy that oMdiscs on exposuic to air Silver and gold alloy readily 
with cerium; the silver alloys aie hard and brittle, but tlie uold alloxs are 
fairly soft.- The copper alloys have been systematically cxamiiu'd*^ and four 
compounds discovered, viz (Ju,,('e (m ]> 03:")“), On^O (!n X'e (in p <S‘20°), and 



CuCe. Hetween f55 and 85 per cent. Ce the alloys arc pyrojihoric, and with 
more than 30 per cent Uc they soon disintegrate 

Calcium and cerium alloys are white and very hard , they are stable in 
air, do not disintegrate, and emit brilliant spaiks wh(*n struck. They may 
be prepared how the metals, or by reducing eeioiis lluoiidc with calcium.* 

^ Magnesium and cerium alloys are wdiite in colour and extremely brittle. 


' See Kollcrraann, Die Cerilmetalle wnd ihre pyrophoren Lcgierungen (Kna]ip, H-”- 
1912). 

* Hirsch, loc. cit. 

* Ilananian, Zeihch. MkialloipaphUj 1916, 7 , 174, 

* Moldonhauor, Chem, Zeit,, 1914, 38 , 147. 
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The alloys rich in cerium form excellent flashlij^ht powders. Those cont.'iining 
60-75 per cent, of cerium may be finely powdered, and foim e\cellent reduc- 
ing agents, eg for picparing vanadium fioin its ovide Allots containing 
more than 75 per cent, of cerium aie ililficult to powder without calehing lire. 
The alloys have been systein.itieally examined by Vogi'V "b‘> b*'^'^ desenbed 
the compounds CV^Mg (m p 652"), ( VMg (m p 75S"), (’eMg., (m p 7S()"), and 
CeMgg The compound ('e^Mg bieaks up into Ce and (T'Mg at ‘197", the 
compounds (--(‘Mg and tVMg^ fi>im solid solutions with oiu* anolhei. 7Ane 
allots with eciium almost explosively. The alloy is haul, buttle, and Jiyro- 
phoiie, but oxidises in the air (Uvlmium behaves siniihuly to /me Macury 
readily alloys with cerium The amalgams, which are lupiid :it oidinary 
temperatiiies when only 1 or 2 per cent of cerium is piesent, decompose 
xvater with the exolutmu of ludiogen and oxidise (luicUly in the air, 
spontaneous combustion kmiIiIn occuinng when 8-10 per ciuit of c(‘iiuni 
is present " 

Alununinm and ceiiuin allo\H have been studMd by th(‘ thcim.il and 
microscopic methods The eipiilibiium diagiam, due to Vogel, is shown in 
fig. 38 No solid solutions aie foimed. l’'i\e (ompouiids exist, two only 
being stable at the meltiiu: point (a‘,\l (m p (ill ), CcVl, (-oAl^ 

(m p 1160'), and (’cAl, The comp«»und ('e\l, exists m two hums, the 
transitioii-iiomt being lOO.'i'’ The loim stable at oidm.iiy tciujiiuatures la 
piobably ihombic Itsdeiisilx is 1 l‘)3.‘ Tim cei mm alummmm .dloys are 
stable to .air and w'ater unless the ceiium is moie than 75 [x i iciil The 
maxniium h.iidiiess is 6, c«ui(‘s[)ondmii to (VAL 5'his compound is very 
lesi^tant towaids acids, but biiins biilli.mtl\ 

Foi other c<’iium alloys, see the subse<picnt \olum(‘s «)f this scik'S 
Thermochemistry of Cerium. — The lollowmg results have been 
recorder ^ -- ^ 

Cel + (().,) - |('’eO,| . . . 12216 Cals 

■(Vj+l[\l] r(VAi,| . I 121 I „ 

■(V(()1I),]+ ll.SO,aq (V(S(),).i»M ' 

2[(V(Oll).. 0 0111 + 31! , SO ,.01 (V,(SO,):i.i +11 O i.| +(0,) + 29 95 „ 

2(V(SO,).a<i I ll.0.a.i.' Ce'(SO,)‘.i.| I II SO,.ui +(0,) I- 3.3 5.8 „ 

[Ce(011)a(>3>lll ' - [Ce(0ll),)| + (0) . . + 20 39 „ 


cKitors coMi’orxDs 

33ie cerous s.ilts arc (IciimmI fiom the basic oxide (’ej>, and, if doiivcd 
from colouiless acids, are thcm‘'el\es colouilc''S Then a«]ueous solutions arc 
dexoid (»f absoiption spccti.i. 

In chcmnMl propiuties the (^n)us s.ilts rc''emblc the salts of Innthanum 
very closely, except for the fmd that they may be oxidised to ciuie salt.s The 
equivalent conductivilios. A, of ceious s.dts arc m haimony with the mcw that 


1 Vogd, Zf thill iviimj Clunt , I'llfi 91 , ^77 
^ Mutluimiiii aiul Hetk, Iniiirftn, l‘'0l, 331 , 46 , Iliisch, la. ul. 

" R. Vogel, Zcihch annuf. i%m , 1912, 75 , 41. 

■» Mutliniaiin and Beck, ?y(’ « v w 1 1 i-j 

B MuUimaini and Weiss, \mudcn, 19el 331 , 1 (rir.O.) , Mutlunann .and Beck, 

1904 331 . 46(Co,Al.); Pissaijcwskv , J. Rush I’lnjs C/tmn. Sur., 1900, 32 . 609 llio dattf 
given for cenc and pcrcenc liydi oxides rcfei to the hjdroxidea as ordin.iiily iiiecipitated. 
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they arc derived from' a fairly strong triacid base. The following data hold 
for a temperature of 25” (v = dilution in litres per gram-equivalent) . — ' 


7»= 31 43 
A- 107 5 

G2 8G 
1142 

125‘72 
121 2 

251 14 
12G*7 

502-88 
131 0 

1005-7G 
136 0 

7 ;=^ X] 
k= 45*(;G 

GG 

53 71 

132 

G3 G3 

2G4 

74 09 

528 

87-17 

105G 

100 90 


Numerous cerous salts have been described by John -and others Ihe 
methods for the conveision of cerous into ceiic compounds and vice versa are 
discussed later (p 391). 


Ceiuum and Hydrookn. 

Cerous hydride, ( VH„ has been described (see p. 251 ). The combination 
of cerium and hydrogen piocceds readily even at 310“, but is best eflected at 
450“, at whieli tempei.ituie the dissociation pi(‘ssiire of the hydride does not 
exceed I nun ^ The hydride is spontaneously inllammahlc.'* 


Cerium and the Fluorine (Iroup. 


Cerous fluoride, CeF.„ is said by lhauner to bo obtained by eaiefully 
heating ceric Huoride to dull redness •'* The hemiliuliate, 2 ( 'el* .{. 11 .^ 0 , is 
obtained by double decomposition‘s Cerous lluonde foims no compound 
with poLassiuin Unoride.'' 

Cerous chloride, CeClj.— The methods of preparation and properties 
of the anhydrous salt aio described on p 252. Ikmiion's sulphur chloride 
method, starting with ceric oxide, is very convenient Th (3 chloride is a white, 
crystalline, hygioscopic solid, leadily soluble in water ^ * 

Anhydrous ceious chloride readily^ absoibs aininonia. Iho following com- 
pounds have been prepared, and their dissociation pressures measured « 

CeCn, 2 ONII 3 CCCI 3 . 8 NII 3 CeCl.^ 2 NHj 

CeCr3.12Nll3 CeClgi.NHa 


An aqueous solution of cerous chloride may bo prepared by heating ceric 
hydroxide with concentrated hydrochloric acid, chlorine being evolved. On 
saturating the cold solution with hydrogen chloride, orthorhombic crystals 
(a'b'c = 0 8083 . 1 . 1-4119) of the hoptahydrate, CeClg 711.^, separate.'’ A 
Aclinic salt (a : 6 : c = M580 : 1 : 0-8G35 ; a = 91“ 3', /^ = 1 14“ 9', y = 88“ 1 2 ) has 
also been described, isomorphous with lanthanum chloride heptahydrate, but 
it is said to bo the hexahydrate, CCCI 8 . 6 H. 2 O. 1 ® 


‘ Aufiecht, Inaugural Dmeitation (Beilin, 1904), cf. Ilolmborg, Ailiv Kau. Mm, 

1903, 1, 1. ^ ^ 

a John, Bull. Soc. chiin., 1874, [11 ], 21 , 633. 
s Zhukov, J Buss. Fhys. Chem. Hoc., 1913, 45 , 2073. 

* Dafcit and Miklauz, Monatih. , 1912, 33 ^ 9U. 

» Brauner, Ber., 1831, ll, 1914; Trans. Chem Sor., 1882, 41 , 68 . 

' ® John, Bull. Soc chim., 1874, [ii.], 2 I, 633 
’ Puchin and Baskov, J. Buss Phys. Chem. Sue , 1913, 45 , 82. 

® Barre. Oompt rend , 1918, 156 , 1017. 

• Definis and Magee, Amer. Chem Soc., /i ' lahl 82 

7 250 ; cf. John, Bull. Soe. Miot.,1874, [11 ], 21 , 533 , Langi‘, J.prakl them., 1861, 82 , 
[29 ; R. J. Meyei and Koss, Ber., ,1902, 35 , 3740. 

Fook, Zeitsth. Kryst Mtn., 1894, 22 , 32. 


Sec uIm) ]>. 393. 


nnortf Chem , 1894, 
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Tlic following^ clouhlo salts arc known, in addition to thnso containing 
metals of Gionps IV. and V. and organic bases • — 

CcClg 4Hgrio 101T..0 ,1 CeCl3.3IIg(CN),.sn..<) ^ 

CeCl3.AiiCl3 

GeGla 2PtCK lOlf,!);’ Cet’l, PtCl, l‘JlI.().'-‘ ' ' 

CerOUS oxychloride, ('COGI (0 bt-’cn descubcd l)y scNoral clioniists ® 

CeroUS bromide, CeBrj — The anhydious salt, a wliite, h\ i^ioscopic 
ma'*s, lias been prepared.® Ah}drato and an n\n ilnomulvj (Vlii , Anlb , 
(John), aie known 

CeroUS iodide, (’ef, — Tlich\diato, ('I'lj.Dl !_,(), fonns colon] less ciystals 
which tiiin brown in the air 

Cerous perchlorate, (V((’l(),), sih(> oi is a delKjncscont, 

crystalline salt, which may be prepaied fioin ceions snl]>liate and baniiin 
perchloiate ** 

Cerous bromate, (V(r»i(),)^ OII^O, must lx* civstalli',(‘d from ajpieoiis 
solution by concentrating in vacuo at 3r)“ and then (ooling. It mells .it 49“, 
and decomposes at slightly higliei temperatiires Further, it slightly decom- 
poses in aijueons solution 

Cerous iodate, (’e(J(\,). -II 4), is U'adily obtained bv doiiMf decom- 
position as a white, ainoi phoiis, spaiingly soluble inecipit.ite At -.*3^', ono 
litre of satiiiatcd solution contains 1 Gl gianis of the anh}drouh s.dl.“ 


Geiuitm AVI) TIN-: Oxu.KN Group. 

Cerium sesquioxide or cerous oxide, Ge^o,, so readily oxidises to 
foini ci'iiuin dioxidi' that ceious .sjilts of xol.itilc o\\acids _xicM c(“ii.i wlu’ii 
Ignited in tlu* an. The scs<piio\ide can b(‘ pii'iiaied by the iiMluction of 
the dioxlfle with hvdiogen at 150 atinos piossuic and at a lenijieiatuie of 
about ‘JOOO“ {rj p. 393)*'' In sin.ill ijuantities and mixed with much 
ccria and a little cai bon, it is ])ioduced by the ignition of ceimis oxalate in 
i-acMo or in hydrogen.*'* It is .iNo pioduced in poor >u‘ld by h(‘!iliiig ceria 


1 John, liH cit 

- All'll, (hfici!^ Siciisbi Vet ■Jka>/ FoihanUL, 33 , 8,0, Hull S<>,.rhim., 

1876 , [ 11 .], 27 , 30.*) 

Ilul/inann, J piaht. Chem , 1861, 84 . 76 

* Uolzni.uin, Jafiirshi'i , p Mfi 

® Miuign.ic, /inn Chim I’/ii/s , 187J, In 1, 30- 6 ^ 

0 Clexe, Hull Sor rhnn . 1871, [ii J, 21 , lOa 
7 Nilsoii, li'T , 1876, 9 , 10.06. Stoalv) ]» ‘^51 

« WohliT, Annalen, l.s67, 144 , ‘251, VaV, Ju/nesb, 1870. j. 31U, Dnli. 1 Cn.npf rend., 
1885, lOl, 882. 

• Si’O i> ‘255 , also Udhinsoii, Pim Hot/ Sor, 18.84, 37 150 
Laiigi’, J /iitt/J Chim , 1861, 82 , 129 

John, loc cU , Moigaii anil Calirii, Tiaus. Vhnn Soc , 1907, 91 . I7.’'» 

Srfi p. 256, and ll.iniiiu'l'-bcig, Potjtf Annulfii 1812, 52 , 81 

KcinimflshiMg, Fo<fg Annnien, 183, S, 44 * » llol/in.inn, J piukl t Ih m , 1858, 75 ? 

321 , John, luc. cif. 

Rimbach and Schubcit, Zeilbth }ihi/\ikal Chou , 1909, 67 , ls3 * 

1 ® Ncwbi'iy and rung, Pioc Iby Stn , 1916, A, 92 , 276 Accuiding to (hnitb-i {/clinch, 
anoru. Chew , 1904, 40 , *247), Cfiiuni dioxide is quaniilatixolY ludmcd t.* the sosiiuioxide 
when licatcd to a white heat m the reducing atinubjiheie oi a petroleum injeetoi -fin naee 

Mosandei, Phil. Maq , 1843, [in 1, 23 , *241 ; DGafontaine, Aich. Sn pints iwt . 186.5, 
22 , 38; Ihihiig, J. piakl. Chem.; 1875, L"-l, 12 . 209, Popp, Ainmhn, 1864. 131 , :^59 ; 
Steiba, Ann Chim Phys , 1904, fviii.J, 2 , ‘209. See aUci Peringei, Annahn, 1842, 42 , 1J8 ; 
Ruiiimclsbeig, Pogy. Annalen, 1859, 108 , 40; Winkler, Ber., 1891, 24 , 873. 
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, with zinc at the boiling-point of the metal, but it cannot be separated from 
the other products of the reaction.^ The simplest method yet known for its 
preparation consists in heating coria with metallic calcium and dissolving out 
the lime and excess of calcium in aqueous ammonium chloride at - 10“ C. The 
sesquioxide is thus obtained as a yellowish-green powder which readily absorbs 
oxygen oven at ordinary temperatures and burns easily when gently heated.^ 
Cerous hydroxide, Ce(OIf),, is obtained as a white precipitate by the 
addition of ammonia or alkali hydroxide to a solution of a cerous salt, or by 
the action of water on cerium caibide, CeC 2 . It may he dried without losing 
its white colour if air is completely excluded.® It cannot, howTver, bo fuither 
dehydrated to cerous oxide, for the latter, as it is produced, attacks the water 
present and oxidises. 

Cerous hydroxide, like the other hydroxides of the rare earth elements, is 
a strong base. It readily oxidises in the air, becoming first violet (p 393) 
and finally yellow, owing to its conversion into eciie liydioxidi' Oxidising 
agents effect the change more rapidly (p. 39()). Owing to the case xvith 
which it is oxidised, cerous hydroxide is a strong reducing agent, reducing 
cupric salts to cuprous, mercuric salts to mercurous, etc.'* 

Cerous sulphide, CooSg, may be preparcrl by heating cone oxide to 
bright redness in a stream of dry hydrogen sulphide, the oxide, eon tamed iii 
a porcelain boat inserted in a porcelain tube, being boati'd until its weight 
ceases to alter (sec p 259). An alternative method is to use cerous sulphate 
inatoad of ceric oxide and heat to 750'’-800“ in hydrogen snlphide.^'^ 

Cerous sulphide is a dark reddish-purple solid of density 5*02 at IT 
(Mutlimann and Stutzol). When heated in the air it roiists to (‘erous 
sulphate and ceric oxide, but in hydrogen or nitrogen it is stable till 1 100"- 
1500", when it melts and decomposes 

Cerium persulphide, Co^s,, is prepared by heating cerous sul[»hatp to 
580"-600" m a stream of dry hydrogen sulpliidc, the pre])aratif.n being 
followed by w'eigliing from time to tune. The persuliihide is a dark 
yellow ish-browm, crystalline powder, moderately stable in air and cold w'ator. 
It dissolves in cold hydrochloric acid, an odour of hydrogen pcrsul[)liirl(‘ being 
first noticed and subsequently a precipitation of sulphur The compound 
therefore appears to he a polysulphiilo. At 720" it decomposes into tlio 
sescpiisulphide and sulphur; it may be reduced to the sesipusulphido by 
heating in hydrogen at 400".® 

Cerous oxysulphide, CcgO^S, may ho prepared by heating cerium 
dioxide to redness in a current of w’ct hydrogen sulphide. It is a golden- 
yellow solid which has not been obtained quite free from iinjuiritics.'^ 

Cerous sulphite, Ce. 2 (S 03)3 — Hydrates of this salt with 3H2() and OITgO 
are known.® 

Cerous sulphate, 002(80^)3. — The preparation and general properties 
of the anhydrous sulphate are given on p. 2G0. In 100 parts of ice-cold water 


1 Stcibo, loe. cit. 

' ® Burger, Ber., 1907, 40 , 1652. 

* Dennis and Magee, J. Amer. Ghem Boc , 1891, 16 , 649 , Damiens, Compt. rcmA.f 1913, 
214 . 

■* W. Biltz and Zunmennann, Bcr , 1907, 40 . 4979 , Baihieii, Alti R, Accad. Lincti^ 
1907, [v.], 16 , 1 . 395. . 

® See I). 259 ; also W. Biltz, Ber , 1908, 41 , 3341. 


'• * W.. Blitz, he. cit. • 

’ - ^ Stoiba, Ann. Chim. Phys., 1^4, [viii ], 2, 193. 

* See p. 260; and Batck, Zeitsch anor^, Chem., 1905, 47 , 87i 
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40 parts of cerona sulphate can bo dissolved.' The specific heat (0*to 100") 
of the anhydrous sulphate is 0*1168 - 



CVrou.s sulphate forms iiiimeioiis hydrates. The cM^tciice of li\dratoa 
wilh 511., U, 811./), 911/), ami IJll/) is defimLely eslablislied, hut tho 

existence of the“ hydiatc nmUi fill/) is very doubtful ^ 


» Muthraanii and Rulig, Msrh. anoiy Chem., 1898^ l6, 450. On tin- ilniMtn-s of 
aqueous solutions of ccroiisi sulphatp, seo HiauiiiT, Thetis, them Aoc., 1888, 53> 

*! Nilson and Pettersson, Bn , 1880, 13, 1459 , Compt rend , 1880, 9*./^“* 

The hydrates of cerous sulpliatc have hem studied 111 d<‘t.iil l>y ^voppel {Zrdi>th 
Chem t 1904, 41, 377), wlio gives a ciitical review of eailiei woik on tlio siihjeot. TltOj^ 
other rcforences aie as follows . Otto, Voqg. Anuah}}, 1817, 40, 404 ; Maiigiuic, Mim. Sn. , 
phys. nat., 1855. 14, 201 ; Jwn. Chnn. Phys , 1873, [n ], 3 O’ ' 

Chtm., 1860, 80 , 16 ; Hermann, ibid , 1813, 30 , 184 ; 1804, 92 , 113 , ^^olf» fp\' 

1868, [li ], 45, 63 ; Wing, ibid ,.1870, [11.], 46, 356 ; John, Bull. Soc. chtvi., 1874, [11. ], 
21, 533; Muthmann and Rohg, loc. cU., W yroiiboff,^ Bull iioe 
105 ; Bull. Boc./ranc. Min., 1901, 24, 105; Kraus, ZeiFsch. Kryst. Min., 1901, 34, 307. 
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The various hydrates may be obtained as follows ■ — The dodecahydrate, 
002(80^)3121120, separates from a concentrated solution of ccrous sulphate . 
over sulphuric acid at 0“ C. m the form of tiny needlo-i. The eniieahydrate, 
00 ,(804)3.91120, IS prepared by evaporating the atpicous solution at 40“-45", 
and forms hexagonal piisms The octahydrate, 000(804)3. is best 
prepared by warming to 45“ -50" a solution of the sulphate that was saturated 
at 0“ 0. Tlie pen lahyd rate, 00.2(804)., 5H2O, is obtained by preparing a cold 
saturated solution and heating it to 70*-100“, and forms monoelniic prisms. 
The tetrahydrate, 003(804)341100, is conveniently prepared by agitating the 
enuoahydrato with a littlo water at 70" for 48 hours, and drying the mass 
at the same temperature For densities, see p. 2G0. 

The crystals of the penta- and enncaliydrates have beim already deseiibed 
(p. 261). The octahydrate has been generally regaided as crystallising in 
the orthorhombic system , but according to W}ronboft, whose view is adojited 
by Groth, the crystals arc triclinic and devoid of all elements of symmetry 
(rt-/;-e=l-0650' 1 ; l-1144,a = 90"52',/3 90" 40', y= 91" 45'). Hammelsberg 
has destu’ibcd a monoclmic octahydrate, isomorphons with the oclahydiates of 
the other metals.^ 

The solubilities of the various hydrates, in grams of anhydious sulphato 
per 100 grams of water, are given in the accompanying table ( Ivoppel) and icpro- 
sciited graphically in fig «‘19, fiom which the stable hydrate at aii} temperature 
is readily seen It will be noticed that solubilities have been determined even 
where the hydrates are inetastable in contact with the solution — 


f 0. 

0" 

18 8 

19*2" 





12H.,0 

16 56 

17 52 

17-70 





e c. 

0“ 

15" 

30" 

45" 

50^ 

GO" 

65* 

9H3O 
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11 87 

7 35 

5 13 

•1 67 

3-88 

3 60 

e c. 

0" 

15" 

20 5" 

30* 

10’ 

50’ 

60’ 

8H2O 

19 09 

1106 

9 53 

7-39 

5 95 

4 79 

4 06 

c. 

45" 

(iO" 

70" 

80" 

90 

100 5 ” 


niLO 

8 83 

3 25 

1-93 

1-21 

081 

0-17 


/“C 

35“ 

to" 

50* 

57" 

6.’)'’ 

70’ 

82' 

4H,0 

8-50 

6 01 

3-13 

2 31 

1 SS 

1 38 

1-01 


100 5" 
0’43 


The acid Oe( 11804)3, is knowui (see ]>. 263). 

The following double salts with alkali sulphates have beon described 

Cc.,(S 04)3.K.2804.2I1.,0/'2CV,(S(),)3.3K.,S04,“- -and with (^2(804)3. 

2KnS04. 21120 , ^ Ce 2 (SO;) 3 . 3 K., 8()4 ^ 063(804)3 

Oc,(80l.Na280 4 2If.;0 

Ce2(S04)8.(NH4).,S04.81l20,3'‘‘''*and anhydrous; Co./8()4)3.5(Nn4).,R04.’ 


^ For cryst'd inpasuicmeiits, soci Maiignac, lot', cit , ^Vynnlbol^, Im nt., Krans, ; 

Descloiseoux, J/t'w Vlnsftfut, 1858, p. Ill; Viba, /ifihrh. anouf , 1904, 39, 283 ; 

Groth, Chemischc Kri/sfnilograpie (].cipzig, 1906-10), vol. 11 , Kummclsbeig, cited by 
Giuth, op cit. 

* Hermann, loc cit. 

* Czudnowicz, loc. cit. 

* John, loc. cit. 

® Keringer, i4ii7iaZ(’7i, 1842, 42, 138. 

® Bane, Compt rend., 1910, isQ, 871. 

’ WoKf, Zett^. anorg. Chem , 1905, 45; 89. 
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They are sparingly soluble in water and practically insoluble in saturated 
solutions of the corresponding alkali sulphates. 

The diminution in the soluhilily of ceious Milph.itc in w.itei, caused by 
the presence of various alkali sulphates, is us follows (data lepiesent grams of 
anhydrous salt present in solution per 100 gianis of watei) ^ 


Temp 

16“ C. 

Temp. 

19“ C. 

1 Tonip. 

16“ (\ 

K2SO4 

(V,(SOj), 

\.l,S04. 

( Vj(SOp,. 

(Nn,bS‘V 

i 

(WSO4).,. 

0 00 

' 10 75 

0 0(1 

1 9 •()."» 

0 00 

10 75 

0 I.s 

0 96 

0 3.1 

! 0 bi 

3 46 1 

1 03 

0 51 

1 0-13 

1 oa 

i 0 09 

9 32 ' 

0-78 

0-7.1 

1 0 25 

1 .39 

' U 06 

1 19 21 

0 75 

1-29 

1 0 04 

1 70 

0 03 

' T) 62 

0 .^0 

2-50 

0 00 

3 59 

' 0-01 

i , 

0-01 


(Jnous (oiiuioniuui inoiioflinio salt 

(see p of (IciiMtv i oj.’l It loi'cs Oll.O .it 100', and the u-maniing 

2Il.j() at 1")0“ 'riio solnhility, in grains of (’iMSO,). (Ml,), SO, per 100 grams 
of watei, IS as follows (Wol II) — - 

Teiii[) 'r . . -jj ;r ;ir) r lo-ii* 

(liMins of (V.,(S(),).,(MI,),S()^ f) IS I 09 

iM)()\e If)' the anlisdnuis donhh' .s.ilt i.s tin* stable phase in eonta* t with the 
solntion^and its .solubility is as lollows (Wolll).- - 

Temp '(’ . . 4r)^ 55:1 To 1 82 2“ 

Grams of (V.(S(),) 3 (Nlf,).,SO, 2 99 2 MS MS 

The snlphate.s of /if/dnane and hydmnjhimint’ combine with ceroua 
sulphate 

('erotic tJmUoHSi sulphate^ (,'e .(SO,), T1 ,SO, tIfoO, ei} stallises in nioiificlinic 
priBnis(</ h e=li;i09 1 0 7(V)9, /i= OV 5:r).»' Thu s.ill ( V/S< ),) , Tl'l ,S( V 
H,0 has also been desciibed 

Ceron'^ radinium sidjihotf, (\\(SO,), CdSO, (J 11.^0, cryst.ilhseH in the 
orthorhombic sy.stein {a h r - 1 l.’h’lG . 1 0 Tbib’i).’* 

CnoHS uifrafosu/phate, ( V( V<^,)(SO,) 11 ,( ), ervstallisc.s out wIkmi a solution 
of cerous anlphatc in eoncentialed nitric acid i.s oxapoiated on tin* fttcam-bath,® 

CerouS dithionate, (V/S^O,,),.2 111,0, is exliemely soluble in water 
(Jolin). The hydrate with InH./) .scpaiates fioin solution at lo'-17° in tri- 
clinic crystals (o b •c = O’oOl 7 1 . 1 •! 9 1 2 , a = S T 2()', /^ = lOo" 2 T, y = 86° 38') 
of density 2 288, the hydrato with 311.^0 separates abo\e 20', in triclinic 


^ Ba.\ie, l(n‘. ( il Soli'l pliJisrs not •'pecilicd 
" Wolir, Zeifsih miiiK/. Chem , 1905, 45, 89 
‘ K<»lb, Zettsch annuj ffiem , 1908, 60, 123 
^ Wyioubofl, Bu/l .SV« Jnin^ J/oi. 1891, 14, 83 • 

” Wyi’oubotl, loe. cit • 

•* Wyrouboll and Vcnicuil^ -dun L'him. , 1906, ['in.J, 9, 290 
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' ' crystals (a : 6 : c = 0 5807 : 1 : 1 *2030 ; a « 89“ 25', - 96“ 9', y = 96“ 18') of den- 

sity 2'631.^ A hydrate with I 2 H 2 O is also known ^ 

Cerous selenite, Cc 2 (Se 0 .,),. 12 H 20 , is precipitated from ceroiis acetate 
and selcnious acid, and loses 9If.,0 over sulphuric acid. The and seleniUs, 
Ce 2 (Sc 0 ,)j.Il 2 Sc 03 . 4 ll 20 (or 5 H 2 O) and Cc.;(Se 03 ),. 3 Il 2 Se 0 j. 2 n 20 , have also 
been described.^ 

Cerous selenate, Coo(ScO,)„ and hydrates with 4, 5, 7, 8, 10, 11, and 
I 2 II 2 O have been desciibcd by Cingolam, while John has described hydrates 
with 6 and DHoO. The hydrates are lc.ss soluble in hot than in cold water.^ 
The following double salts have been prepared by John — 

Co2(ScO,)j SKjSeO, Ce2{Se(),),.(NH,)2SeO4.0H2O 

Ce2(ScOi)3.Na2SoO, SHjO 

Cerous chromate — Potassium chromate or dichroinatc gives with a 
solution of a cerous salt a yellow jirccijntate of a basic salt 

Cerous molybdate, Ce_,(MoO,),, forms yellow crystals of density 1 56.“ 
Cerous tungstate, Ce2twO|)3, forms sulphur-yellow crystals of density 
6'514 and specific beat 0 0821.’ It molts at 1089““ Foi paratungsLates, 
double and complex tungstates, see p. 265, 

Cerous silicotungstate, Co,(W 32 Si(),„),. See p. 266. 

Oehium and the Nitrogen' (luour 

Cerous nitride, deN. — The preparation of tins compound has been 
described ([) 267). (las is violently evolved wlieii a little water is added to 
the nitride • — 

CeN + 2lip = CcOo + Nllj + II. 

It dissolves ill acids, producing ccious and ammonium salts, e (). : — 

2CoN + JlIoSO, = -f (N H ,)2SO.,. 

Cerous azide {hydmzoale^ ttimhide) is an explosive salt 
Cerous nitrite, 00 ( 1 X 02)3 ad I. J), is extiomely soluble in water, from 
which It separates 111 transparent, ambor-yollow ciystals. The solid salt is 
very unstable, and its acpieous solution also icadily decomposes when warmed, 
so that the salt lias not been obtained 111 a slate of puiity.’” 

Cerous nitrate, Cc(NO,)j GllgO, forms very deliquescent, triclinic 
crystals.^^ A solution of the salt may be picpaicd from cerous sulphate- and 
barium nitrate, by heating ceric hydroxide or oxide with nitiic acid and a 
reducing agent, eg hydrogen peroxide, or by healing cerous oxalate with 


1 Wyiouhoir, Bull Sue frain’ Min , 1891, 14 , 88 

* M 01 gun and Gallon, 2'rans Chem Soc , 1907 91 , 475 

* John, loc. eit ; Nilson, Nova Ada Soc. Upsala, 1875, [m J, 9 , No 7 , Bci., 1875, 8 , 
665 ; Bull. Sol. chim , 1875, [11 ], 23 , 494. 

* Cingoluni, Gazzetta, 1908, 38 , 1 292; Atti M. Accad Lincei, 1903, [v.], 17 , i. 254 ; 
- Jylin, loc. cit. 

* Boringcr, Anncden, 1842, 42 , 138. 

,, - ® See p. 265 ; also llidior, Compl rend , 1886, 102 , 823 

’ Seep. 265 , also Didicr, loc at. 

* Zambonini, Atti ’li. Accad. Lincei, 1913, fv.], 22 , 1 . 519 

fj • Cm tins and Darapsky, J prnU. Chem., 1900, [11 ],» 6 l, 408 
’7' Morgan and Caln'ii, Trans CfJim. Sor., 1907, 91 , 475, 

'J,, “ Mangnac, Ann. Chun. Phys.*", 1873, [iv.], 30 , 66 . See p. 268. 
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concentrated nitric acid.* The crystals lose .'IHoO at 100", and be^dn to 
decompose at 200°. 

Cerous avimomum nitrate, Ce(N'03)3 2(NII,)NO., 4HoO, described on 
p. 268, has boon prepared hv numerous chemists.- its solubility, in grams- 
of Cc(NOj)j 2(N11,)N()3 per 100 of water, is as follows (\\ oltl) : — 

Temp “C. ... 88“ 25“ 45“ 60' (>5-l* 

drams of ()e(N 03 ) 3 . 2 (NH,)N 0 , 235-5 21H) 8 410 2 6812 817 4 

The mlt 2('o(NOj)3 3(Nii ,)N(), 1 211 ,( ) se[).irates fioiii aijui'oiis solution 
of 0“.'* 

Cerous cir&iiun (,^e(N()j)3 2(\iNO., 2II.2O, cr^slallises in the moiio- 

clniic system (a h c= 1 2052 1 ()98l6./i 103’ 41').* 

Cerous luhniinm nihatc, de(XO ‘JJlbNO. 41L(), has been described 
(p. 268). 

Cerous potasi^ium aihate^ 2KM), 21IJ), ciyslallises in the ortho- 
rhombic system (homimoiphie , a b c' 0 1 0 5701)'* 

Cerous sudnuii iiihate, Ce(X() 3 )j 2X5iX()j.H3(), foims hygroscopic crystals 
of density 2 G5 at 0“ ® 

C> rousthallous nifia/e, ('e(NOj,)j 2TlNC)j.4HoO, h.is been desen bed (]> 268). 

The double salts of ceious nitrate and the nitiales of bivalent metals, 
2de(N()j),3M‘*(NO,)j5.2 llljd, have been alieady deseiibed ^ 

Cerous hypophosphite, (^lI^l’Oo), II/), crystallises m I bin, prismatic 

ciyhtalb 

Cerous orthophosphate, Cel*()^ —The dihydiale, CeTO, 211., (), IS ob- 
tained by double decomposition between a ceious salt and pho'^jihoi le acid or 
an alkali phosphate *' \\ hen diiod it foims a white, amoiphous [lowder, from 

which oithoihomhie crystals of density 5 09, closely r(‘semhling th(‘ mineral 
monante, may be obtained by heating to icdiiess wuth I'xcess of I used cerous 
chloride. The phosphate dissohes in the molten chloride anil crystaJlisee 
out on cooling.*^ 

The double j^hosphates, KjPO, 2CVP()„ and Na,0O,.2CoPO,, have been 
obtained by Ouvrard. 

Cerous jiijrophosphntey ^-V/l’/ly)., 1211/), ecrous liydioijen piiwphosphate, 
CgIII*/)^, and cerous sodium /tyiopho<pIuiC, CeXaP/b, ha\e been described, 
and likewise rerous 7 J 1 etapkos/dlafe,C' 0 (VO^)^ ** ( 'eious jiyrophosphate is readily 

soluble in dilute mineiul acids. 


^ Jdlia, Jiull Soc I'him , 1S71, In.J, 2 I, 5i3 , L.U)gn, J pJidt Clirm , ISill. 82 , 129. 

* Aljiiif'iuc, lut cif , Fock, Zut'.Ji Knjst Min , 1M»4, 22 , 37 , Kr.uis, Omt , 1901, 34 , 

307 , Wolll, Ziitich unoHj. Chcvi , 190r», 45 , 89. 

^ Holzin-iiin, J pntkt. C/iem , 1801, 84 , 70. 

* WyrDuboll, Bull. Hoc fian^. Miii., 1907, 30 , .i99 , .lautsch and Wi^Mdidw, Zeilsch. 
anortj Chem., 1911, 69 , 221. 

® Lunge, loc. cit., Folk, loc, cU., Wyiouboff, loc. til. 

® Jaiitsch and Wigduiow, lo^. eit. 

’ Seep. 209, also Ilolzniann, lot iit ; Lange, loc cit , Z'flin ^cllO, ./. pndf, f'hem,, 
1869, 107 , 65, It'innnelbbeig, Pogy Amvden, 18.59, 108 , 435 

* Rammelsberg, Bcr , 187 * 2 , 5, 49*2. . , 

® John, loc tii , Ilaitby, ruin'* f'heni A'or , 1882, az, ‘202 

hadominbki, Cuinpt laul., 1875, 80 , 301 Si'e also Ouvi uil, xhid., 1888, 107 , 37; ' 
Graiideau, Ann Clitm. Phijs., 1886, [vi ], 8 , 193, Holm, Fnnmiuiul (.Muincli, 

1902). ' f 

“ Roseiibeim and TiunUphyUidcs, Her., 1915, 48 , 582 ^CVj(F.p7),. 1211,0), John, loc, ,, 
eit (OeHPaO,), Walhoth, Bull. Soc. chiiu., 1883, [ii.],49. ^16 (LeNal'.jO,) , Kamuielsborg, 
20 c. eU. (Ce(PO|)y). See also Johnston, Ber., 1889, 22 , ^ 6 . 
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Cerous vanadate, CeV04, may be obtained in dark-rod, dichroic 
needles by fusing sodium orthovanadate with coroiis chloiidc. The com- 
pound CcgOg.hVjOj 27H2O is also known. 


Cerium and tiik Carbon Group. 

Cerium carbide, CcC.^, is prepared by reducing ceric oxide with carbon 
in the electric furnace, ft has been already described.' The leduction of 
ceria by carbon probably pioceeds in three stages : — 

2CG()o-t-C = Cc.,(), + CO 
Co.()3-i-9C = 2CfiG.‘-}-3CO 
()cC, + 0 

and red crystals of the eaibide CeC., may be isolated under suitable conditions. 
They arc decomposed by water with the evolution of acetyhuie — ^ 

2CcCj,-h 6HP 2Cc(OIl)3 + 3CJl2* 

Cerium silicide, (JcSi^, is prepared by heating ceiic oxule \Mth silicon 
in the electric furnace It forms small, lustrous crystals of density 3 07. 
It is docoinposod by fluorine in the cold and by the other halogens when 
heated. It burns in oxygen at a red heat Unlike the carbide, cerium 
silioidc IS scarcely aflected by water 01 dilute alkalies, even when boiling ; 
and although it dissolves in dilute hydrochloric and sulphuric acids, the gas 
evolved is pure hydrogen ^ 

Cerous carbonate, Ue^(Ut){)j bll X), is known,'* and also the following 
double carbonates — 

Cc,(C(\y^ K.U 05 . 3 n .,0 (and 12H.O) 2(:e,((;o.),..3Nn 2 ill ,0 

2Na/’(), 2M ,0 “ (NH“)/’i), (illoO 

For preparation and properties, sec p. 271. 

Cerous thiocyanate, Ue(CNS),.7ll20, and the douUe mlt, Ce(CNS)j. 
3Hg(CN).j.l21Io(), aic known. (John , see p 272 ) 

Cerous platinocyanide, 2Ce(CN)3.3IH(CN)j I8II J), crystallises iu 
yellow prisms (sj) gr. 2 (in?) having a blu§ reflex 

Cerous ethylsulphate, Ce(U,lIr, SO,)^ 9H J), lias been desi iibed (p 278). 
Cerous acetylacetonate, (k*(Cll;{CO.Cll CO.t’ll,),, has alhO been de- 
scribed (p. 279) 

Cerous oxalate, Uc.(Cj,t)|), lOH^O, may readily be obtained by double 
decomposition as a white, crystalline powdei. The oxalate when air-dnod 
has the above composition, but crystalline hydrates containing 31 1/), 9H2O, 


* See p 270 ; also Stevba, Otmipf. icnd,, 1902, 134, 1056, Ann Chim. rfnjs., 1904, 
[viii.], 2, 223 

® DaiMiPiis, (/umpt rend , 1913, 157, 335. 

‘ 3 iSteibu, (hmpt. rend , 1902, 135, 170 , Ann. Chun. Pfn/s., 1904, [viu ]. 2, 229. 

* Beuiigcr, AiinuUn, 1842, 42, 138, John, BvU. Soc. cJnm., 1871, [11], 21, 533 ; 
Cxudiiowic^, J. prakf. Chem, 1S61, 82, 277 

® John, loc. cit. \ R.*.I. Meyer, Zcilsch. anorg Chem., 1904, 41, 97; K A. Hofmann and 
Hoschele, Bcr., 1915, 48, 20(Ce-NH4). 

* Gzudnowiuz, J. prakt. Chemt,, 1860, 80, 16 , Lange, tbul., 1861, 82, 129. See 
also p. 272. 
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and IHIoO have also been prepared.^ For the solubility of ccroiis oxalate 
in water and acids, see p. 273 

Corous oxalate is transformed into a rrysiallinc oxalooliloi ido whon it 
is dissolved in hot, concentrated hyilrochloiic acid, and the solution allowed 
to cool “ 

Cerous salts of other organic acids— The following salts have 
been described — 

(Yrons tonnaiey^''^ mono- 

chlor-^^dn'Utn and trichlor-acetate^^mrcnvitt\'* ctii ft atf, ’• ' * [ihjrol- 

dinu thylphosiphnte,^'^ crt>ton<ttry^“ mahtie *“ and ami malatt'y^^ maleate 
and acid mnlc(it€y^“ fnmaiate *- and acid famaiatiy^^ maloiiafc ** '*• ” and acid 
7naIoiinte,^^ benzoate/* salicylate/ phthalate *“ and acni phthalatc,^- hijpnrate/ 
jdienoj yacetate/ siilphanilate/’^ bc.i cncsiiljJionate/^ m-nitmlnii nu sidphimate/^ 
2Hlibroniohcn:em‘suliihi)uatc/^' 1 1 'Idnimionitroborcncvd fdii)nat( / phniol-p- 

sulphonatc/'^ naphthionatr/^ ft-napbfholAi-sulphonate/" camjdioi fi sulplionate/'^ 
chromotropate/^ anthiafpiinoiicsidjJiouate^^ and nnininons naphihahne- 
suljdionatcs 

Cerous silicate, Cej(SiO,)„ may be obtained in jnismatic inysialsby 
fnsin^^ together cerons chloiide oi oxy<‘hloiide, silica and s(k1iii n or udeiiirn 
cbloiide 


(IkUIUM AM) JJOIION. 

Cerous metaborate, lias been desenbed 


(’Kllir C0MP()r\l)S.2i 

(Y'l 1C salts arc den ved from the feebly basic oxide (N't and arc cllow, 
oran^i!*, or red in coloni. Ili'ini; salts deincd fioin a \v(‘ak base, th(*v aio con- 
siderably hydrolysed in a«[n<-ons solnlion, and noimal ceia salts of weak 
acids aie not known rnithei, tho noimal ehlorid<‘ and iiihaU' aic only 
known in combination as double, or possibly comiilex, s.dts Ai|ii('ons solntiona 


1 II(.l/niann, y pralt. Chem . 1801, 84 , 76, John, Bud Kor, than , 1H74, In.], 2 Z, 
''i33 Ilk, ./(ditrshn , 1870, |i 31“, Powei ami Slinldn), J Sor Chnn hut , l'»00, 19 , 
iso’, W yiouholl, /ya// Soe iianc J/oi , 190! . 24 , 105, II lusn and Wntli, (omI. 
Chein , 1908, 47 . 389 , ^^^th, Zfit'^ch niwuf i'hnii , 191*^, 76 , 174. Sto alsD ]» 273. 

Jul», Compt reioL, 1898, 126 , 216 
^ John, Bull Boc. ehii/i., 1871, |ii.], 2 i, 533, 

* Lanfio, J prnkf ^*hnn,, 1861, 82 , 129 
^ Czudiiowuv, ibul.y 1861, 82 , 277 

« Wollf, Zeit'Mh inwuj. (*heni , 1905, 45 , 89 
7 Boliu'iis, .47 J/ , 1901, [11 ], 6 , 67. 

* Piatt and Janies, J Am»‘i ('hem Site , 1911, 33i 
® Katz and James, ilnd , 1913, 35 , 872. 

Moi^an and Janas, ibid , 1914, 36 , 10. 

Erdmann and Wirth, Ainialen, 1908, 361 , 190. 

Rnnbacdi and Kihaii, ibid., 1909, 368 , 110 
** Kiiuliacli and Sehuheit, Zcitftfh phifbikul (hem , 1909, 67 , I'' 3. 

llolraberg, Znt^ch anorg ('hem , 1907, 

15 Juntsch and Gi unkraut, ihui , 1913, 79 , 3U5. 

Armstrong and Rofld, Pioc. Buy Hue , 191 J, A, 87 . B 1 ^ 

” G. T Moigan and Cahen, Trans. Chem Hoc , 1907, 91 , 4/5. . 

Eidmann and Nieszytka, Annalen, 1908, 361 , 106. 

Didiei, Compt. tend., 188.5* 100 , 1461 , lOl, 882^ 

See 1 ). 2S2, and rj. Ceiic Hoi ale on p. 404 , 

“ Cerocenc and perceric coni|Mmnds are also included in tins section. 
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of ceric salts, owing to hydrolysis, react strongly acid. The solutions are 
very unstable and are easily reduced to the cerous state. On the ionic 
hypothesis, the instnbility is attributed to the ceric ion, Ce"”, the oxidation 
potential of which is greater than that of oxygon ; arid solutions of ceric salts 
accordingly behave as if they were supersaturated with oxygen.^ In alkaline 
media, however, ceric compounds are not readily reduced to the cerous state, 
while the converse change is very easy to efiect 

Hydrolysis of Ceric Salts. — The hydrolysis of a ceric salt in cold, 
aqueous solutHni pioceeds for a long time after the solution has been prepared, 
and the colour fades away very pciceptibly, the hydrolysis may be hastened 
and increased by raising the temperature. A freshly prepared solution of a 
ceric salt immcdiati'ly d.iikcns in colour wdicn a mineral acid is added, since 
the degree of hydiolysis is therchy diminished , with an old solution, how'- 
ever, the deepening of the colour takes place very slowly. Again, a fresh 
solution is immediately decolorised by hydrogon pcioxide, with the formation 
of a cerous salt and oxygon, but an old solution fiist turns dark i(*d in colour 
when similarly treated, and is only slowdy red need ^ Ily the h}drolyBisof 
ceric salts basic ceiic salts aie produced, winch, under suitable circumstances, 
may .bo utilised for the separation of cena from the other raie earths 
(see p. 332). 

Colloidal Ceric Compounds.— A cold solution of ceric nitrate in which 
hydrolysis has proceeded to a considerable extent, either by long standing or 
by heating, contains a colloidal hydrosol, w'hich coagulates when nitric acid 
is added and is almost quantitatively precipitated if 12 cubic centimetres 
of concentrated nitric acid are added for ex'ciy 100 cubic centimetres of 

■ dilute ceric solution present The hydrogel thus obtained, when diiod over 
potassium hydioxulc, forms an amhcr-colourcd, homy, tianslucent solid of 
the conipositiou 4 ('eOo X.>0. rjHjO It easily clianges back into the hydrosol 
in contact with water, giving a greenish, limpid solution unless it is very 
concentrated, when a faint opalescence is observable. Submitted to dialvsis, 
the solution loses nitric acid ; the whole of the acid prescMit in llie hydros(»l, 
however, cannot be thus removed, the decomposition ceasing wdicn the ratio 
28 Ce 02 • INgOg is reached 

When the solution of the basic nitrate hydrosol is treated with ono-fifth 
its volume of coiicciitrated hydrochloric acid, the cciinm is almost quanti- 
tatively precipitated as a hydrogel which has the conqiositioii 4Ce02.2HCl. 
34 H 2 O and is very similar in jiroperties to the basic nitrate ; in solutions of 
both of these compounds one-half of the acid present may bo nentialiscd with 
' sodium hydroxide before ceric hydroxide begins to be precipitated. When, 
^however, a dilute solution of a dibasic acid (or, better, its ammonium salt) is 

■ added to the basic nitrate hydrosol, a hydrogel n precipitated which does not 
-dissolve in waiter. The basic siilphate,‘ 4Ce(),.€0^,.5H.p, for instance, which 
' 'resembles the chloride and nitrate in appearance, loses half its sulphuric acid 
. when washed with warm water, but does not dissolve to any appreciable extent. 

The addition of ammonia to the basic nitrate hydrogel converts the latter 
into a hydroxide which has the composition SCeOg.llHijO when dried over 
pofassium hydroxide, and the same horny appearance as the basic nitrate. 

Colloidal compounds similar in properties to the preceding may be pre- 
|)ared containing lanthanum, praseodymium, etc , in addition to cerium. 

* Baur and Glaessiier, Zeitseh, jZhltrorherrk., 1903, 9 , 634. 

B. J. Meyer and Jacoby, Ber., 1900, 33 , 2136 ; Zeitseh. anorg. Chem,, 1901, 27 , 369. 

- 
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Concerning the constitution of those colloidal substances, little can be said 
beyond the statement that they do not !ipi)C«a to be babic salts of the ordinary 
typo. Wyioiiboffand Vcrncuil logaid them as derivatixcs of polymeiised or 
“condensed ” eerie hydroMile.s, such as Ccj,0jr,(011),,,j(()Il),,, in which only part 
of the hyhoxyl (the of the preceding fonniila, for e\.im])le) is capable 

of reacting with acids, they speak of the eoinpounds as being deruedfrom 
certain mf‘t<wjides or mixed motaoxidcs,^ the term “nicta-’' bi'iiiu used us in 
naming “condensed ” acids, cy mct.istannic and metatnngstic aenls There 
is very little evidence, how*cver, for the molecular foimiilai aseiihed to theso 
compounds by the Ficnch chernist.s.- 

Colloidal basic ceric compounds of another typo have also been prepared 
by WyroubotV and Vcrneml, who sjieak of them as deiivjiti\es of a jmnioxide, 
A description of the basic nitiate may be given When cenms oxalato is 
calcined in air at the lowest possible tcmporatnie, a eanai y }ellow residue of 
ceiia is obtained containing *J 9 per cent of water. It is cpiito indiHoreut 
towards concontiatcd nitiie acid, but is tiansfoinu'd into a white, gidatinoiia 
substance when boated to 100’ with 3 pei cent mine acid foi several hours. 
This substance, when separated fioin the dilute aeid by decantation, may be 
dissolved in water Tlic solution has a decidedly milky ajipe.nancn , the 
hydrosol it contains may bo completely piecipitated by the addition of nitiic 
acid (2 per cent ) or ainmomnm nitiale, and dries at 100“ to a very pale- 
colonrcd, honiy, tianslucent mass, soluble in water Wyronholl and Verncuil 
propose the inoleenlar formula 20C<‘<>o Not), Sll.^O for the siili''(anee , basic 
chlorides, sulphates, etc, and anoihei modilication of eerie bydio\idf‘ may be 
prepared fiom it as m the case of the meta nitrate Moieovei, the brcnch 
chemists state that whenecious hydioxide, pieci})itated fiom a eeions salt by 
nn'ans of ammonia, is oxidisecl to reiic hydroxide by a cm lent of air, the 
product IS almost entirely insoluble m boiling eonccntiated mine acid, and 
that tflc insoluhlo poition is colloidal, dissohing in water to fonii a solution 
of tlic para-hydroxide 

Further woik upon these interesting substances is very desiiahle 
Conversion of Cerous into Ceric Compounds — ( mg to tlic great 
instability of eenc ehlonde, this tiansfoimation cannot be elhs'ted in solutions 
acidified with liydiochloric acid 

(i ) Qj ?dfjfioji in TiitvK'- acid solution — A solution of ceious nitrate in 
concentrated nitric acid may he oxidised to ceric nitiale to the t'xlent of 6-8 
per cent, by evaporation at'l00“ '* In the jnesimee of tlio lefjiiisile amount of 
alkali nitrate, some 30 per cent or inoie of llie cerous salt may he oxidised, 
a result that is attributed to llio transformation of tlie cone ions t ’o" , as they 
arc produced, into the complex ion (V-(Nt),),.", the probable existimcc of which 
has been shown by Meyer and Jacoby (seep 100)'* FroMiled that (i.) ft 
cerous salt is readily soluble, and the eoiiespoiiding cenc ''alt only sparingly 
soluble in concentrated nitric acid, and (ii ) the acid fiom wliieli tlie cerous 
salt IS derived is not attacked by nitric acid, e o lodn , pbospbone, and arsenic 
acids, the oxidation fif the eeious to the eerie salt may be leadily aecomynishcd 
by boiling it with eonccntiated nitric’acid.** ^ ^ 


1 It would be moic correct to say metahyliuxidi's. r,^^ r,.;/ 

® Wyroiihoti and Verncuil, Covtpl. lend , 1898, 127, > lt'i<9, 128, oOl , Sul . S09^ 

chim , 1899, [iii.], 21, 118 ; Jiin Chun Vhys., 190rt [vm 1, 9, 289. 

5 Giles, Cjiem. Ncirs, 1905, 92, 1 ; baibuii, AUt R An nt. Lmrpi, 100/, [v.], 16, 1. 895» 

* Barbicri, Zoc. ci«. ^ ^ 

* Baibieri, ihid.^ 1907, ['.1 16, 1. 044 , Ser , 1910, 43i 2-14.. 
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Oxidation in nitric acid solution may be effected by the use of various 
oxidising agents, e y lead peroxide and. bismuth tetroxidc , the processes are 
useful in connection with the analytical chemistry of cerium ^ 

(li.) Oxultition in sulphuric acid solution — This may be accomplished by 
means of ammonium persulphate or sodium bismuthatc. Tlic processes are 
useful for analytical purposes (see p 373), and the former may also be 
utilised for the preparation of pine ceria (see p 333). 

(iii.) Electrolytic oxidation — The electrolysis of ceroiis nitrate or sulphate 
between platinum electrodes in neutral or slightly acid solution leads to the 
separation of ceric hydroxide or basic ceric salt at the anode , but in the 
presence of sufiieieiit mineral acid, ceiic salt is produced in solution. As 
much as 95 per cent of the cerium may be oxulised under suitable 
conditions ^ 

(iv.) Oxidation in alkaline media. — (Jerous hydroxide is readily oxidised to 
ceric hydroxide by alkali hypochlorite or hypobromite Ceroiis salts are also 
readily converted into ceric hydroxide by jiotassium permanganate in the 
presence of a base, e.y. sodium hydroxide or magnesia These reactions arc of 
considerable value both in preparation woik (sei* pp 335, 33G) and m analytical 
chemistry (see p 373) A solution of ccrous carbonate in potassium car- 
bonate IS easily oxidised by oxygen or hydrogen peioxido (see p 401) 

In alkaline or acetic acid solution, ccrous comiX)unds may be oxidised to 
perceric compounds by moans of hydrogen peroxide (see pp 401-3). 

Conversion of Ceric into Cerous Compounds —In acid solution 
ceric salts maybe reduced to the ccious state with gieat ease by numerous 
reducing agents, ey. hydiogen pcioxido, sulpburous acid, hydrochloric, 
hydrobioniic, and hydriodic acids, oxalic acid, stannous chloride, ferrous 
sulphate, etc The neatest method is that involving the use of Indrogen 
peroxide, but on a large scah* it is rather cx])onsive. The transfoimation 
from ceric nitrate or sulphate into cerous oxalate is readily etfected ii/warm, 
acid solution b\ the addition of oxalic acid 

The con vei Sion of cerium dioxide into cerous salts is worthy of special 
notice, inasmuch as the dioxide is insoluble in hot, coneentraled hydrocliloric 
or nitric acid The conversion into cerous nitiate may be accomplished very 
neatly by warming the oxide with moderately concentrated nitric acid and 
adding hydrogen peroxide from tune to time. The conveision into ccrous 
sulphate or chloride may bo brought about by heating the oxide wutli hydio- 
quiiionc and an excess of the rcipusite acid in acpicous solution, the hvdro- 
quinone being converted into bcnzocpiinonc and (pmihydrone Ceria may 
also bo converted into cerous sulphate by heating it wdtli concentrated 
sulphuric acid iiiitii it has been converted into ceiio sulphate and rcdueing 
dts aqueous solution with snlphurons acid, while it may be conveitcd into 
anhydrous cerous chloride by heating in the vapour of disiilphur dichloride 
(p. 252), and into a solutioft of cerous chloride (])liis alkali chloride) by heat- 
ing with concentrated hydrochloric acid and an alkali iodide (p. 332). 

* See p. 373. For the use of the lend peroxide method m ]HP|)aiii)g pure ceiia, see 
ilobinson, Proc. Roy. Soe , 1884, 37, 150 , Clirm Xeirs, 1884, 50, liol 
'' * Elk, Jahrc'ibcr , 1870, p. 319 , Smith, Her., 1880, 13, 754 , Hiicout, t^ompt. rmrf., 1894, 

»li8. 145 ; Kolle, Inauf/ural T>isscrfation (Zurich, 1898) , von Knot 10, Zrifsrh. aiu/eir. 

• 1897, XO, 085, 717 /Job, Compl rend, 1899, 128, 101 ; Sterha, ihid,, 1901, 133. 221 , Auu. 
'pjChirn. Phys., 1904, rviii'.], 2, 193; Muhlbach, Inaugural Di'^scriatkim (Munich, Tecli. * 
Hochschule, 1903) , Kiilitscheweki, Inaugural Dmeitatwn (Geissen, 1904) , Planehor and 
f'Barbieri, AtH R Acrnd Lmrci, in04^[v.], 14, i. 119. See also p. 334. 

*' • Manno, Gazzetta, 1907, 37 . 1 . 6 !-. 
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Cerium and the Fluorine (Jroup. 

Ceric fluoride, is oMamcd as a l)H)\\M j)t)\\cl»‘i, insoluble* iii 

^vatcr, by acting upoii ceiic byiiioMiU* with h\<ho^t‘n lliioiido and diyinj' the 
residue at 100. When heated, watei, Indm^^en lluoiide, and possibly 
fluorine, are evolved ^ Aceordino to Ihauner,*' the floulile salt I'CeF, :\\\V 2JloO 
IS produced by the action of potassium h\dio^en iluoiide on cc'ric h>dio\idc. 
lliiiibach and Kilian “ could not obtain tiii.s salt, but h.i\e pK'jiaicd a senes 
of double salts of the type JCeF^ MF,.7JI,(), wlieie M = (VI, (’u, IV), Ni,oi Mn. 
They arc decomposed by water 

Ceric chloride, CeCl, — Tins salt has not been isolated It can bo 
obtaiiKid ill solution, but the solution cannot lit* kept without defomposiiijj;. 
Ihus, ceiic hydrovide dissolves in cold concentialefl hvdroehloiU’ aeid with 
the production of a dark led solution , chloiini*, howevei, is slowly evolved, 
and ultimalelv a solution of eeioiis ehloiide leniams 'riie decomposition 
proceeds lapidly in hot solutions 

By piep<iiinjij a solution of eeiie ehloridi* in methvlalcoholic bydiop;eu 
chloride and iidding an oiganic base, eij’stalline doiibh* chloiides may 1)C 
pie[)aicd. The pipuhne^ ipniKtliue, and (rn tht/famiue salts lia\< tlnis been 
niade,3andaseiibedthef<)riniil;e(V(M, 2((V,II-N IK '1), ( 'c( '1, ^((yi-N ll(‘l),find 
CeC’l, -[((bIb,),N IKfl] The compositions of these coiupoiiiids, however, vary 
with the amounts of the leacting salts ‘ 

Ceric iodate, (’e(IO,)‘, may be picpaied by luMting together cerons 
iiitr.ite, lodie acid, and eonceiitiuted nitiie acid It a yellow ei vstalline 
salt, voiy s[),inngly soluble even in boiling nitiic acid, and bydmhsed some- 
what l)y wati'r 

('eRHIVI AM) THE OxvuEv (Inoi’p. 

• 

Ceroceric oxide, or (>;<)j., (0 — When ecu mm dioxide is heated 

to a led heat in a (*nnent of diy hvdiogen fiee liom uir, it is [lartially 
reduced and loses in weight liy .iboiit 2 per cent Tlie icdiietion jiroceeds 
most lapidly with an oxide tbit has not pi<‘viously bi'cn intensely ignited, 
but such an oxide is liable U) li.ive letamed a little watei , aicoidingly it is 
ditVicult to obtain rolialile analvtieal tlata eoineining tlie ])ioduet foimed 
by tlie lediietnm The lowei oxide is consideied to coiiespond to the violet 
ceroceric hydi oxide (deseiibed 1m*Iow) an<l to the acid salt known as ceioceric 
hydrosulpbati* (p flb7) , hence Mi-ver reg.inls it as ('e,()-, and Wyiouboff and 
Vcrncuil as Oe^Ojo It is a blue or bliiish-bl.ick solid winch readily absorbs 
oxygen and is sometimes pviophonc ** 

Ceroceric hydroxide, ( c(()Il)j.(V'(<)n), or UV‘(()H )5 .'KV'tOIO^ {?). — 
When white cerous hvdioxide is exjiosed to an oi oxvgen, it abv«»ibs’ox vgen and 
is eventually converted into vcllovv ceiie hydroxide, but the initial pioduct 


' HraiiiKT, Tkivi Chnn Sue., 188:J, 41 , 68 
“ Kiiiibach and Kihan, ^liniaten, 1909, 368 , 101. 

^ KoppL*!, ZriUth. anotq CJuui . ISU8, 18, .'iOr) , 

* Giant and .Tamos, J Aint'r, CJnm Sue , 1915, 37, ‘2652. 

® Baibieri, ..ifti li. Arraif Luvei, 1907, fv ], 16, 1 614. 

® Stoiba, Cfnnpt. leml,, 1901, 133, 221, An» Clum Phi/s , 'iJ04, [mu.], 2, 210} 
Bn J. Meyoi, rrwo 7(/ P/tem.,\90A, 37, 378. Wjnaibnlf and Vornonil, Ann Chun. 
Phys , 1906, [vni.], 9 , 289 The aarly workf'is obtainwl oironoons losulls , sec lioiinger, 
Annnlen, 1842, 42 , 138, Bunsen, ihil., 1858, 105, 40, *5; Rammobboig, J'uqq Annnlen, 
1859 , 108, 40, ^Niiiklor, Jicr., 1891, 24 , 873. • * 
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of oxidation has a violet or purple tint. A precipitate of the same violet 
colour is obtained by adding an alkali hydroxide to a solution of a mixture 
of a cerous and a ceric salt, and the colour attains a inaximum intensity when 
the ratio Ce'” Ce^'^ has a certain definite value, which, however, can only be 
approximately estimated. Wyrouboll' and Verneuil consider that this inter- 
mediate hydroxide is obtained in a pure state by precipitating ccroeeric 
hydrosulphatc with alkali, and, if this is the case, its composition is probably 
expressed by one or other of the alternative formulre given above. The violet 
hydroxide becomes bluish-black in colour when dried in vacuoy but a slight 
oxidation to ccria is always observed.^ 

Ceric oxide, cerium dioxide, or ceria, CeOo, may bo prepared by the 
ignition of cerous or ceric hydroxide, nitrate, sulphate, etc , or by the ignition 
of the eeroiis salt of any volatile oxyacid; it is perhaps most commonly 
prepared by the ignition of cerous oxalate 

r-ciia IS an amorphous powder of specific graxity 6 405 at 17“ when pre- 
pared from the oxalate, and (5 09 when obtained from the nitrate (Sterba) ; its 
specific heat is 0‘0877 (0"--100“).2 has been a great deal of discussion 

over the question of the colour of ceiia. It might be anticipated that cena, 
like zirconia and thoria, would be white. Most cxpeninenters agiec that 
pure ccria ^ has a pale yellow colour The depth of colour depends upon the 
temperature at which the oxide has been calcined and tlie salt from which it 
has been prepared When prcpaied by the prolonged ignition of cerous 
sulphate at a white heat, its tint is so slight that it may almost be said that 
the ccria is white,^ but when obtained at a lower tempeiatiirc by the ignition 
of cerous oxalate or eciic ammonium nitrate it has a more pionouiiecd tint, 
usually described as that of pale chamois. On the other hand, Spencer claims 
that when ceric sulphate is heated for a prolonged pciiod at temperatures 
below a red heat, cerium dioxide is formed, which is pure white . further, 
that when the cena is heated above a rod heat it shrinks in volume and 
becomes pale yellow’ m colour fk*ria daikons in colour very markedly when 
heated, but returns (practically) to its original colour when cooled® Wheu 
ceria is contaminated willi a little of the other earths of tlic cerium group, 
it is salmon-coloured, rcddish-brow’ii, or brown, according to the extCMit of con- 
tamination and the temperature of ignition. The coloration is attributed 
mainly to the presence of prascodyniia, or rather, its peroxide. 


* Dpiinis and Ma^ee, J. Amrr. Chem Soe , 1894, i 6 , 662 , WyioubofT and Vornonil, 
loc. cit.] R.iniriiplsl)Oig, Pngg Annnfm, 1859, I 08 . 45 

- Nilbuu aii<i Puttor&son, (*oinpt. rend.y 1880, 91, 232 ; Brr , 1880, 13, 1159. 

® For the piopai.ition of which see p. 337 

^ In this sense of tlio term, cena is said to be white hy Wyiouhoff ami Verneuil {Compt, 
rend., 1897, 124 , 1300; Ann Chim. Phin , 1906, fviii 1, 9 , 3.’i6), who ctnisiilei that it is 
possible to distinguish dilTeient kinds of white, and that tlie eoloui of reiia jirepaied from 
cerous sulphate by igiiitioii is not definite enough to he desjciibcd as. any thing but a parti- 
cular kind of white. 

® Steiba {Compt. rend., 1901, 133 , 221 ; Ann. Chim. Phys., 1901, [vm.], 2 , 193) has 
prepared ceria devoid of any yellow tint, but Hruuner has show’n that the cena so prepared 
contains traces of impurities. Other chemists (e g Wolf, Anier J. Sci., 1868, [ii.], 40 , 6 . 1 ; 
Moissan, Compt. rendi, 1897, 124 , 1238) liave also desciibed reiia as being white, Steiba, 
after pieparing ceiia in various ways, concluded that it could be W’hite or pale cition yellow 
in colour, and that the yellow coloui, which could not be attiibuted to non, platinum, or 
other rare earth olcinentb, might possibly be due to the jiresence of traces of a higher oxide 
than the dioxide Spencer’s lesuits appear to lend 8 iip)iOit to this view. On the question, 
of the colour of jniie cciia, see Sterba, loe. cit ; WyiSubofT and Veineiiil, lor, cit. \ R. J. 
'Keyer, Zeitseh anmj. Chem., f^03, 37 , _ 378; Ihaiinei, ibid., 1903, 34 , 207; Neish, 
'Anuf, Chem, Soc., 1909, 31 , 617; J. F. oi'iencer, Trans. Chem. See., 1915, 107 , 1266, 
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Ceria is readily obtained in the crystalline form by afl(lin«r anhydrous 
cerous snlphato to molten inagneamm chloride, allowing to cool slo\\ly, and 
extracting the mass with hydrochloric acid. The crystals belong to the 
regular system and exhibit faces of the cube and octahedron. They are 
practically colourless, very hard and v(‘ry brilliant, the refractive index being 
high (about 1*9) , they have a density of 7'3.* If small quantities of another 
rare earth sulphate are added m the piepaiation, ey. neodyniium, juaseo- 
dymium or eihinm sulphate, beautiful colouied crystals may Ik; f)l)taiued - 

Cena docs not melt at c 1000’, but it vol.it ilises ni vacuo quite iiiiudly at 
that tempeiMtiire ** It leadily melts in the elecLiic fuinaec and .itliieks the 
containing vessel 

Cena is a ^ery stable oxide, but it can be reduced to the metallic state by 
heating it with aluniiniiiin ‘ or magnesiunf.® By neither of these methods, how- 
ever, has a regulus of the metal been obtained 'J'he action of other reducing 
agents is discussed m eonneetinn with ceious oxide and coioeerie oxide 

t^rystalline cei la is very lesistant towards acids and alkalis. The amor])hous 
substance after ignition is in.solublc in hydiochloric or nitric aeul, exeejit in 
the piesonee of a Mutable K'dueing agent, c <f hxdrogen peroxide, h^dimdic 
acid, or stannous ehloii(h‘, when it passi's into solution as a cimouh salt. 
Concentrati'd sul])hurie a<‘id eonverls it into eerie .sulphate, while moderately 
concentrated aeid causes partial reduction to cerous sulphate and dilute acid 
has no pereejitiblo action 

(’oria acts a.s an oxygen-carrier towaids other sulistancos, in a manner 
that i.s not at present undei stood It iiuiy thorefoie be cmployi'd as the 
catalyst in Dennstedt’s method foi the combustion of oiganic compoundH 

Cena is a very weakly basic oxide , it ispos.siblo that it can also act as a 
feebly acidic oxide. It has been ])ointed out in describing the prepaiation of 
ceria (p. that lare eaith mixtuies obtained by the ignition of the mixed 
oxalates aie completely soluble in nitin <u bxdiocliloric acid, provided that 
the cena docs not exceed 15 to 50 pei cent of the mixture ; pure ceiia, how- 
ever, IS insoluble in these acids Tbo n.^ual explanation of tlu'se results is 
that the cena acts as a feeble aeid and conibin<‘s with the other stiong bases 
present to form salts , tbe^o salts aie d(‘eompos(‘d by a strong aeid with llic 
libeiation of ceric .aeid, i,e. eeiie hydroxiih*, wIulIi is sohihlc, as a base, in tho 
excess of strong acid present If such is the ease, the salts must .ippaiently 
be of the type 2()eO^ or 2M :iCet)., in order to account foi the 45-50 

per ccnt'limfl to the .solubility of Ibe cena. 

Cciia combines with uranium dioxide. When a diy mixture of cerous and 
iiranyl sulphates is lieated with iiiolleii magnesium cliloride in a covered 
crucible for liftoen boms, deep blue eiibie ciystals arc produced wbicli can be 
separated from the accompanying bubslauces l>y reason of the relative stability 

1 Tho Inglioi the tcmpeiatuic of foiinaliou tho liighor tho diai'^ity of thn crystalH TIiub, 
ceiia crystallised fiom sodium chloiidi-, hoidx, and ]»otassiuTn sul]»hate re^ju'cLively has been 
found to possess the following densitips (St'uhri) 7’314, and 7 yO.'. 

> K. A. Hofmann and Hoschele, li,r , 1914, 47, 238 . Foi other methods of oiystallising 
ceria, see Noidenskiold, Poa<j. Avna/rv, 1.8G1, 114, 612; Didior, i Sti. pA'vh tiorirUf 
1887, p. 05; Grandeau, Coinpt ^ 1885, 100. 1134; Steiha, Coihft. ir,nf , lHul, 133,* 
221, 294 ; Avn. Chim, PkifS , 1901, [viii ], 2, 19-3. 

* Tiodeand Biiiihriiupi, Zcifsth. amm/ Chem , 1914, 87, 160. 

^ Sfihiffer, Inaugural DiaseiUUion (Munich, 1900); Muthmann and Wcias, Annalen^ 


1904 331 !■ 

"Winkler, Ber., 1891, 24 , 873 Inauguinl Du^riahon (Munieh, 1902). 

• Marc, Ber., Ifl 02 , 35 , 2370 ; R J. Meyer an/l Koss, Tin , 1902, 35 , 3740. 

’ Bekk, Ber., 1913, 46 , 2574 ; Miss Rcimer, J Amcr. Chem. Soc., 1915, 37 , 1686. 
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towards dilute acids. The composition of the crystals approximates to that 
required by the compound U0.^.2Cc02. A similar deep blue compound may 
be obtained by precipitating an aqueous solution of uranyl and ceroiis nitrates 
with excess of ammonium hydroxide or dilute potassium hydroxide solution ; 
the precipitate is at first yellow, but soon changes to a denser blue solid.' 

Ceric hydroxide, Cc(OIl)^ — The normal hydroxide is not known. 
When ammonia or an alkali hydroxide is added to a solution of a ceric salt, a 
yellow, gelatinous precipitate of eerie hydro.xide is obtained, insoluble in excess 
of prcci])itant , it is usually contaminated with basic salt and adsorbed alkali 
hydroxide. A pure hydroxide may be prepared from ceric ammonium nitrate by 
precipitation with ammonia from a cold solution, the precipitate being w’ashcd, 
allowed to become neaily dry at a low temperatiiic, and again w'ashcd with cold 
water to roinovo ammonium nitrate. When dried over potassium hvdioxide, 
its composition corresponds wuth the formula (’Oo0(()li)^ or 2(5cOj 

Ceric hydroxide may be conveniently prepared by the oxidation of cerous 
hydroxide For this purpose excess of alk.ili hyjxxdilontc or hypobromite 
may be added to a ecu’ous salt, or, wdiat amounts to the s.ime thing, precipita- 
tion may bo eflbcti'd by alkali hydroxide and the oxid.ition then accomplished 
by the use of cblonne or bromine.^ Ccnc hydroxide may also be prepared by 
heating hydrated perceiic hydroxide to 120“ or boiling its a([ueous suspension 
until decomposition of the peroxide has been completed 

Ceric hydroxide dissoUes m nitric or sulphuric acid with the produetion 
of a ceric salt,' but reduction to tho ccrons state usually occurs to a slight 
extent. According to Hrauner, the icduction is complete if the hydroxide has 
been prepaied from pcrcerie hydroxide and its solution in siil])huiic acid is 
effected in a platinum dish,"’ but this is denied by Barhieii.'* One hydroxide 
reacts with hydiochloric acid to produce ccroiis chloiide, chlorine, and water. 
Colloidal i eric hydi oxide maybe prepaied by dialysing a 10 per cent, 
aqueous solution of ceric ammonium nitiate for four or five days. The 
hydrosol thus obtained is very readily coagulated , when ovapoiated, it leaves 
a gummy residue, soluble in hot w'atcr. Tin* hydroxide is positively chaiged.^ 
Perceric hydroxide, or (k'^HC^OOli — When a cerous 

salt is treated with a mixtiiie of ammonia and hydrogen peroxide, a reddish- 
brown, gelatinous precipitate of perceric hydroxide is obtained, wbieb has the 
composition of a hydrated trioxidc, CcOg..rH_jO.® Aceoidmg to Ihssarjewsky,® 
the precipitate is produced as follows • — 

Ce(01I)4-f HO.OII =re(<)ll), O.OIl + 11,0. 


^ K. A. ITofinann and Ih»s(dicle, Bcr , 1915, 48 , 20. 

2 Wyiouboll'aiid Voineiul, Ann Chun PJn/a., 1906, [viii.!, 9 . 310, Ranimclsberg 
{Foyg. Anvalcn, 1859, 108 , 40) and Eik (Znls^li filr rheni., 1870. [ 11 . |, 7 , 100 ) give the 
same fommla, biitc/' rainclley and Walkoi, Tiant. Chcni. (SV , 1888, 53 , 5‘>. 

3 Mosandcr, FInl Mag., 1843, Im.l, 23 , 211, Poj)]), Annalrn, 1864, 131 , 359, Ileimann, 
J. piakf. Chem., 1843, 30 , 184 , 1864, 92 , 113 , Staplf, ibnl., 1860, 79 , 257 ; liainnulsberg, 
loc. nt. 

■* Cf. p 391. 

® Braunci, ZeUsch. anorg. Ohem , 1904, 39 , 261. 

«• ® Barbioii, Atti K Accad. Linrei, 1907, [v ], 16 , i. 525. 

’ W Blitz, Ber , 1902, 35 , 4431; 1904, 37 , 1095. 

8 neimanii, J prakt. Chem.y 1843, 30 , 184; Clevo, Bull Soc. chim., 1885, [11 ], 43 , 63 ; 
Lecoq de Boisbaudnui, Compf. rend,, 1885, lOO, OO.^; cf von Knorie, Zeitsch, angew Chcni., 
1897, p. 723; Mengel, ZeM anorg. Chem , 1899, 19 , 71 , Wyioubotf and Vernouil, 
Ann Chm Fhys., 1906, [viii.], 0 , 313. ' 

• Piasarjovvsky, J. Jiuss. P/qft. Chem. Soc., 1900, yi, 609 , Zeitsch, anorg, Chem., 1902, 
3X, 369. 
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It is an unstable compound, losing oxygen fairly quickly even at the ordinary 
temperature. It is rapidly convoited into ceric liydroxide when lieatcd with 
boiling water or when dried at iL’O’ It dissolves in dilute mineral acids, 
producing a cerous salt, hydrogen pei oxide, and oxygen, c.y. — 


2Ce(OH)3 O.OH + - (’e_.(S(),), + 1 1 .( >2 + 0 . + 1> 1 1 ,0 


Ceroceric hydrosulphate.— When cenc oxide or h^dioMde IS heated 
W'lth faiily conccntiatcd sulphuiie acid it is not qii.intilali\ely confuted into 
ceric sulphate, o\\gen is evohed and pait of the cone salt ledueed to the 
cerous state Fioni the acid solution a beautiful rod hexagonal 1 1 v-^tallinesalt 
may bo leadily ohiaine«l, and from the mother liquoi normal cenc sulphate, 
Cc(S04)2 may then hr' sepaiated in pale }ellow' ciyslals 

In addition to the preceding method of piepar.ilnui, Llie red ci \stals may 
bo obtained by miving cerous sulphate with an exci'ss of cenc sul[)liate and 
crystallising fiom faiily concentrated sulphunc acid 

The hexagonal crystals ajipear daik orange-colouK'd when laigi* crystals 
arc viewed in the dir(‘ction ol tin* pnncqial avis, and mange-yi'llow when fine 
needles aic similaily examined. Viewo<l paralU*! tt) tin* basal pi. me, the 
crystals a])])ear to have a beautiful icd coloui They m.iy be lieatid to 230“ 
without losing .inything but their water ol crvstalhsation 

The composition of these h(‘\agonal crystals has bei'ii a matter of dispute 
formally veais , tin* hiimiihe that have been assigned to tin* substauen are 
given 111 the appended table — 


Kornniln 


Aulln-iily 


])iile 


Ce^O,, 9 S()j. 2711.0 
8Cc(S(b)*Ci‘.^S0^), 27II.O 
3CV(S04)2.Ce./S04). 27ll.,0 
2 CV{S 04 ) 2 . Ce .f SO 4 ) , 2 l I 2 .SO 4 2 f. 1 1 .0 
2Ce(S04b 11,81)4 Ji.ll.U . 

3 Ce(S 04 )a 00,(804)3 31 ‘ 11,0 
200(804)2 0,(804), 2111.0 
3 Ce(S 04)3 062(804!, 3 in.jO 
200(804)2 002(804)3 24II2O 
2Ce(S04)a.Co,(S04)j IUI.,804 2GII2O . 
20e(S04)2.0o2(S04),.2UlI.,0 
2Co(S04)., 002(804), II2SO4 2(511 ,0 . 

2Ce(.S04)2 Oo., (804)3. H2SO4 
3Ce(S04),.20e, (804)3 
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1861 
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1.''73 

1874 

1805 

1000 

1004 
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1906 


* Hoiniann, J pi alt. Chem , 1813, 30 , 181 

* Rannuelsboig, Ftiqfi ytihtfilfn, l.‘'r»0, 108 , 40. 

* OaidnowiC 7 , J. ptakt. Chrm , 1860, 80 , 16. 

* Hermann, J. jnakt. Chnn., 1864, 92 , 113 

® Zschiosohe, J. pralt. Chnn., 1860, 107 , 65 

* Ramnielsbeig, Bn , 1873, 6 , 84 

’ MondeK-elT, Bcr., 1873, 6 , 558 , Annalni, 1873, 168 , 45 . 

® John, Bull Sue chim , 1874, |n ), 21 , 633 
® Braunoi, Chem N€ii\ 1895, 71 , 283. 
liiauncr, Bull. JnOrn. .i<ad Sn. deVEmpneur Francois JuMpk /., 1895. 
Miithinaiin andSlwtrol, 7/V/ , 1900, 33 , 176.5 
R J Meyer and Auliuclrf", Bn , 1904, 37 , 140 
“ Brauiioi, Eeilsrh. anoig, Chem , 1904, 39 , 2(j 1 J 
” Wyroubotfand Verneuil, Ann. Chim.'Phys., 1906, [viii.], 9 , 293 



SM" -, * ' ALUMlklUk AND ITS CONoisEBi, ' " 

Thesub&tanco contsiiiis both ccrous and coric BulphateHas well as sulphuric 
acid, and the latter cannot be eliminated at 130 " in vacuo. It may therefore 
be described as a cerocerichydromlphate. The ccrous sulphate may be replaced 
by the sulphates of the other riire earth elements, and Brauner has prepared 
the lanthanum^ pra&eodymiumy and neodymium salts. They are hexagonal, 
and isomorphous with one another and with the cerous salt According to 
Brauner, they are acid salts of a complex cerimlphuric acid^ Ce'^(S04)4, 
I2H2O, of the type HM'".Co^v(S04)4.12H20 (Mi“ = Ce, La, Pr, or Nd).i 

It will be noticed that the formula assigned to coroceric hydrosulphate 
by Meyer and Aufrccht only differs from Brauncr’s formula ( 1904 ) 111 the 
amount of water of crystallisation present. Too much significance should not, 
however, be attached to this agreement, for the analytical data upon which 
the formulm are based are of slender value, and at the present time the 
composition and constitution of this interesting compound must be regarded 
as undetermined.^ 

Ceric sulphate,^ 00(80^)^ — Cena is (luantitatively converted into ceric 
sulphate when heated on a sand-bath with concentrated sulphuric acid. The 
salt, which is insoluble in the eveess of acid, may be washed with glacial 
acetic acid and dried over potash, when it is obtained as a deep yellow, 
crystalline powder When heated in tho air, slight loss of weight is observed 


^ It may 1)0 remark«*(i that the iU'id Milpliato <»! tlioiium h.i^ tlu‘ forupo'-itu)!! TI»(S 04 )a. 
II 28 O 4 or ll 2 Tli(S 04 b, .'iml not ll 4 Th(S 04 ) 4 . Ou the otlici hand, tho acid sulj)liate 8 of the 
rare earth ch'iniMits have foimuho of tho typo 3112*^04 ( 804 ) 3 ], 

ceric salt of \vhich would bo Ce>j^[Mi^(S 04 ) 3 J 4 or 3 Coi'’{ 804)2 2 M '”( 804 ) 3 , harmony with 
the formula of Wyrouboff and Veiiieuil; it is then dilficiilt, howcvei, to account for tho 
extra Bulphuiic acid j)i<*sont in the molecule. 

If ceiocciic hydiusulphato is a “cuniplcx” salt, it is not a very stable complex, for the 
addition (tf alkali leads to the initial inecipitation of the violet ceioceiic hydroxu’e 

" Thus, oven tho atomic latio Cc''' Cc”^ is unoerlain TliP analytical data given by 
Wyrouhofl and Veineuil agiee \cry well with the lesult Ce''^ Ce'” 3 ;4, and the data 
gi\eii by Moyer and Aufrecht and by Brauner agiee at le.ist as ivell iiith this ratio a'' with 
the ratio 1 1 , which they adopt Braunei’s anal>ses of tho lantliaimin, ])iase()(lj iniuiii, and 
neodymium salts are also unsatistactory, as WyrouboIT and Veinouil ha\e .pistly lemaihed. 

It IS, pciliajis, woilh while to point out that the foiinula 300 ( 804)2 2 ( ' 62 ( 804)3 2 HaS 04 . 
42 H 2 O agioes with tho analytical data given by Bianiier and by Wjiouboll and Verneuil 
at least as well as do then own foniiulte. This is icadily seen fioin the following table 
of results; — 


Per cent, of 

Calculated fioin tho Foiinula of 

Found by 

Braunei 

W.aiidV. 

n.F.V.L 

Braunei 

W. andV. 

Cej 03 

Active oxygen 

SO, . . . 

H 3 O . . 1 

37 25 
0*91 
36'31 
25-63 

37 76 
0-79 
35-63 

25 83 j 

87-27 

0 78 
36-29 
25-66 

36-57 1 30 15 

0-82 1 0 84 

36-78 

26-08 26-13 

37-67 

0-79 

86-16 

25-61 


which .serves to illustrate tho difficulties attaching to the iiivostigatiou of the com])ositiou 
<of coioceiic hydrosulpliato. 

Finally, it may be mentioned that Brauner has described a leruceric sulphaUt 
Co”'[Co*''(S 04 ) 4]3 44 H 2 O, and the corresponding lanlhnnoceric salt 

* Kammelsberg, Ber., 1873, 6 , 84 , Mendel 6 efl, Annalen, 1873, 168 , *16 ; Ber,, 1873, (5, 
.658 ; Muthmann and Stutzel, Ber., 1900, 33 , 1763 ; K. J. Moyer and Auficclit, Ber,, 1904, 
37 , 140 ; Brauner, Zeiisch. anorf, Chein., 1904, 39 , 261 ; Wyroubotf and Vemeuil, Ann,^ 
CMm, Phys,, 1906, [riii.], 9 , 31T; Barbieri, Atti 2i. Acead. Lincei, 1907, [v.], t 6 , 1. 526i \\ 
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at 165°, and when heated to constant weight at 195° tlie hasio siilpliat'd 
3 Co02.4SOj is produced On raising the tcinporature, further loss of sulphur 
trioxide occurs at 250°, and at 300“ the loss in weight is continuous until 
cerium dioxide is left.' 

Ceric sulphate is very soluble in i^ater, in which it forms a yi-llowish- 
brown, unstable solution. A concentrated solution of the sail in dilute 
sulphuric acid may bo prepaied eithei by dissolving the anlndi'oiis salt in 
dilute sulphuric acid or by carefully dissolving ceiic h\dio\i<le in the same 
medium. When concentrated ovei sulphinic acid, sulphin yellow, ortho- 
rhombic ^ crystals of the tetiahydiate,^ Ce(SO,)„ ill./), are obtained (bi- 
pyramidal ; a • 6 : c = 0 717 ■ 1 0 171) 

Cerio sulphate in solution readily Indiolyscs, and, accoiding to \ioiiboff 
and Verncuil, when diluted largely or wanned, a crystalhnn basic sail of the 
composition 2Ce0.2 ‘iSO.. SHgO is obtained,^ from a dilute ice-cold solution 
the compound 4Ce02 3SO., TilbjO has been jirepaicd, and fiom a saturated 
solution at 0“ C the compound 2Co().j physu ocliemical study 

of the hydrolysis has been made by Spencer, who could only jircpare and 
characterise one basic salt at 25" C., m/ CeO.^ SOj 2 II 2 O 

Ceuc potin^ium svlph(i1t\ Ce(S(),)j 2K.jSO, 21I.,(), is obtained ui oiange- 
yellow’, monoclinic crystals (a : i I 21C 1 2 093 , 100" 10';,' scarcely 

soluble 111 ivater, by adding a solution of potafesium sulphate to an acid 
solution of cone sulphate ” 

Ceric amniimium sulphate, Ce(St),).2.2(Nir,)oS(),.21l ,0, si'paiales in yellow 
crystals when an acid solution of tlie mixed sulphates is evajioraled it is 
followed by oiangc-rcd ervstals of the monoclinic {a /> * c --() ()()38 . ] 0’7f<38 ; 

= 9G" 44 V' double salt (le(SO,), 3(NH ,),S(), 211 ,0 
Ceric silver sulphate, 5(’e(S(),;2 3AgjS()p is obtained as an oiani:<‘ \cllow, 
crystalline jirccipitatc liy ad<ling silvei nitrate to a sliongly a< id solution of 
ceric s 111 j^ia to The salt slowly combines with 2 JI 2 O, and is decomposed by 

boiling water." 

Ceric selenite, (WSe().)o, mav bo prejiaieil by heating ceioiis nitrate 
and selenious acid with boiling cfuicentiated nitViC acid It is an orunge- 
yellow' powder, in.solublo 111 water but slightly soluble 111 niliic acid 

Ceric chromate, CaiCrO^), 211/), is obtained b} luMtuig ceiic hydroxide 
with aqueous cluomic acid It is a luight scailet ci^stalline salt that cannot 
be heated above 180“ without decomposing It is decomposed by water, losing 
chromic acid and turning oiange in colour 


1 J. F. Spi-iicei, Trans. Chen So ,‘ , 1915, 107 , 1265. 

= Slaxik, Zeiti>eh. mioig ('h> m , l‘»04, 39 , 290 

' Accoiding to Wyitiuboil and Yeiiu’ud {Ann Chim PJuis , 1906 I'ui ] 9 312), the 

formula IS 2 Co(S 04 ), 7HaO. 

• Wyrouboll and Vcincml Ann. Chun Phu'^ , 1906, fvni 1 9 , 312. 

® Hansel and tVirtb, Zsi^c/i itnorg <'hevi , 190*1 60 , 212 

• .1. F. Spenci i, Trans Chnn ,1915, 107 , 1265. 

’ Marigiuc, Ann. Min , 18.59, [v | 15 , 221 

8 Scheeier, Pogg Annalni, 1812, 56 , 482 , Ilnmann. J }>inkt Unm . 1813, 30 , 184; 
Ramniplsboig, Pogg Annnlen, 1859, 108 , 40, Maiignac, loc al. . ^ 

" tb'ipcl, Znlsch. KryU Min., 1902, 35 , 608. i 1 - ir y 7 

^8 KaniniGlsbcig, Pugg Annalen, 1859, 108 , 10 , Bn., 1873, 6 , 84 , Mondeb'idl, Annalen. 
1873, 168 , 45 ; Gci|)cl, loc. cit 

Po 7 Zi-Escot, Cumpt. leml , 1913, 156 1074 

■ 1 * Barbien and Culzotaii, .ffer , 1910, 43 , 2214 ^ . j 

« Browning and Flora, Amcr. J, Bci., 1903, [iv ), IJ,_17< , cf. Bneout, Compt. rend,, 
1894| XX8, 146 ; Bohm, Zeilsch. angew. Chem., 1902, 15 , 372, 1282, 
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ALUMINIUM AND ITS CONGENERS. 


Ceric molybdate. — A number of salts of a cennwlybdic acid have been 
prepared, analogous to the complex molybdates of zirconium and thorium.^ 
Ammonium ceruiwlyhdatc^ (NH|),^[Cc(Mo207)g] SH^O, is a yellow crystalline 
substance, yielding yellow solutions which arc stable towards hydrogen 
peroxide and give a precipitate with oxalic acid only after prolonged boiling. 
The acid ammonium salt (NHJgIf2[Ce{Mo20,)^3] lOH^O, the silver salt, 
Agg[Ce(Mo.j07)^], and the acul aniline salt are also known. 


OlCItlUM AND THE NiTROGEN (rROUP. 

Ceric nitrate, Cc(N()3)|, has not been isolated. By evaporating a solu- 
tion of ceric hydi oxide in concentrated nitric acid, in tlie presence of a 
considerable quantity of calcium nitiate, red monoclinic crystals (a\h.c^ 
l-78;i4 ■ 1 l-()46r> , 48')^ of himc reuc nitrate, •2('e(6lI)(NU,), OHgO, 

can be ohtaincsl. The acpieous solution of the salt readily undergoes hydro- 
lysis (p 3d2).-* 

(Jciic nitrate forms an isomorphous senes of double nitrates with the 
nitrates of jiotnssium, ruhidium, casinm^ and ammonium They aie of the typo 
Ce(N03)j.2MN0y, and form anhydrous, ‘ orange-red, nionoclinic ciyst.ds ; — ® 

a h r j8 

(^e(NO,),.2KN(), 1-2155 . 1 M)170 , 91“ 12' 

Ce(N(yi‘2(NMl,)XO., M()90 • 1 1-9260 , 90“ 21' 

The salts arc readily soluble in w-ater and alcohol, but iniieh less soluble in 
fairly coiicentiaU-d nitiie acid. In a([ueons solution they are hydrolysed 
in a similar manner to eerie nitiate. It is probable that the solutions con- 
tain not only the ions Cc"’‘, M", and NO3', but also the comjilex ion ^(NOj,)^" ; 
indeed, in alcoholic solution it has been shown by migration expcriiiibt'nts that 
a colouied cation is jiresent.*' 

Ceric ammonium nitrate, (V{i\()J, 2(XH,)X()3, is of eousiderable 
practical importance for the pre])aratiou of pure coria (see p 336). Indeed, 
from the practical point of view-, it is the most impoitant of the ceric salts. 
Its solubility in water is as follows (in grams of salt per 100 giams of 
solution); — ' 

Temp “C. . 25" 35-2" 15-3' 64 5" 85-6“ 

Grams of ('c(x\0,)j2(NH,)N(), 58 5 62*8 61 5 66 8 69-1 

At temperatuies above 60" partial leduction to eerous nitr.ite takes phlce in 
the aipieous solution. 

It may readily bo prepared by the electrolytic oxidation of eerous 
ammonium nitrate in a divided cell ^ 


1 Barbieii, Alli It. Aciad. Lnun, 1914, fv.], 23 , 1 80,f». 

* von Laiiguiid Haitinger, Annalen, 1907, 351 , 4.^»0. 

* R. J. Meyer and Jacoby, Jier., 1900, 33 , *2135 , Zeitseti. anoiy Chem., 1901, 27 , 359 ; 
these authors gi\c the watei uf ciystallisation as 3If.p and not 4 ^ 11.20 

„ ♦ Meyer and Jacoby, loc cii. ; Wolff, Zeitscli inumj Chem., 190.'), 45 , 89, cf. Hol/.mann, 
J. prakt. Chcm.y 1858, 7S 3‘Jl ; Muthmaini and Rolig, Zettseh. anorg. Chem., 1898, 
16 , 450 

* Sachs, ZeUsch. Kryai. Min , 1901, 34 , 16-J 

Meyer and Jacuby, loc. cit. See also Baibiori, Atii It. Accad. Lincci, 1907, [v.], 
16 , i. 396. 

’ Wolff, loc. cit. 

* PlsDcheraiid Baibicri, AtiC'R Accad. Lined, 1904, [v.], 14 , i. 119. 
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, " Cdnc nitrate also forms an isomorplious series of double salts with the 

< nitrates of the bivalent met^ils magnesium^ zinc^ nickel^ cohalty and nuiitganese l 
they are of the type Co(N03)4.M(N08)2.8H20, and must bo crystallised from 
concentrated nitric acid ^ The crystals arc monocliiiic and isomorphous 
%ith the corresponding? double thorium nitrates • — ^ 

• a b c $ 

Ce(N 03 )^.M^r(NO,),HH„O 1 0;12 : 1 : l.W) ; ‘m t.T 

Ce(N03)^.Zn(N()3)2“8H;() 0 978 1 ■ l-;j;i9 , 100^ 0' 

Ceric orthophosphate.— ^v hen sixliuin phosphate IS added to a slightly 
acid solution of a ceiic salt, a yellow 2)reeipit<ite is obtained Aeeoiding to 
Hartley, the composition of this piecipitatc (dried ui vaenn o>er sulphuric 
acid) IS in accordance with the foiiiinla 2 CJe’'.H(PO,).j 25II2O, but this cannot 
be considered as definitely established.'* Cei u- pyropho'^phatey ( 'eP.j()7.j:H20(?), 
like the corresponding thorium salt, is practically insoliihh' in dilute mineral 
acids. It IS o't)Lained as a yi'llow preci]>itatc by warming a solution of cerous 
pyrophosphate in hydrochloiic acid with bromine.'* 

Ceric dihydrogen arsenate, Ce(ll2As(),), maybe prepared by 
heating cerous nitrate (1 mol ) and arsenic acid ( 1 inols.) with coueentiatcd 
nitric acid for several hours, distilling oil' most of the nitiie aeid, and allowing 
the liquid to crystallise. The salt separates 111 white needles. AVhcii it is 
dissolved in the miniiniiin (piantily of coiieeiitiated nitric acid and the cold 
solution diluted with water, a white, crystalline precipitate of ceriC mono- 
hydrogen arsenate, (a‘(UAs0,)2.Gll20, is obtained ^ 

Ckrium and the (^aruon (luour. 

Cerig carbonate — A yellow, gelatinous precipitate, presumably of a 
fiawc ceiic miijonatey is obtained by double deoomjioMtion between a eerie 
salt and an alkali carbonate. Tlio precipitate dissolves k ad.ly in concentrated ■ 
potassium carbonate solution, forming a yellow solution tliat is stable in the ' 
air but which may lie oxidised with hydrogen peroxide.'* The basic cerio 
carbonates, 2 CoO, SCOg and 2 Ce 02 COg, are obtained (combined w ith potassium 
carbonate)'? by heating pei ceric pota.ssiuiu carbon-atc to 240 " and 360* 
respectively.' 

Perceric carbonate. — Cerous carbonate dissolves to a considerable 
extent in concentrated potassium carbonate solution." When hydrogen 
peroxide is added to the solution, the latter turns blood-red in colour owing 
to oxidation, and the colour darkens with the addition of hydrogen peroxide - 
up to a ceitain point; beyond tins, the addition of more peroxide lightens ' 
the colour and thiows down an orange-yellow precipitate, and by the addition 
of sufficient reagent all the cerium is precipitated. 

J._ _ ■ ■ ■ — ■ — — ■ 

‘ Bunsen and Jegol, /Innairn, 18f)8, 105 , 40, 45 ; ilol/niiiuii, toe. cxt.\ Moyer and 

. Jacoby, loc. cit. 

* Geipcl, Zeifsch. Krysf, Min , 190'J, 35 , 608. . 

, ‘ * Hartley, Trans. Ckcm. Soc , 188‘2, 41 , 202. 

* Carney and Campbell, J. Amer. Chem. Soc.y 1914, 36 , 1131 , Roscnlicun and Ti’ianta’ 
phyllides, J7/r., 1915, 48 , 582. 

‘ * Barbieri and Calzolan, Beu, 1910, 43 , 2214. 

' • Job, Ann. Chim. Phys.y 1900^ [viLJ, 20 , 205 
f " » Job, loc, eU. • 

' • It u much loss soluble in sodium 01 ammonium carbonate. 
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When the colour reaches its maximum intensity, all the cerium is present 
in solution us pcrceric carbonate The solution of perceric carbonate in 
potassium carbonate may bo prepared from eerie carbonate as well as from 
cerous carbonate, by oxidation with hydrogen peroxide. Hy a suitable process 
of crystallisation, .Job obtained perceric potassium carbonate, Ceo(C03)j,0g. 
4K2CO3.I2H2O, from this solution m dark-red, tnelinic crystals. 

This curious double salt is remarkably stable It may bo dehydrated 
at 110“, but withstands a tomperatiue of 200“ for several hours without 
decomposition being perceptible. At 240 “, however, it loses oxygen, leaving 
a residue of a basic (;eric carbonate.^ 

By modifying Job’s method of prepar.ition in certain particulars, Meloche® 
has prepared a crystalline perceric potabsium carbonate of the composition 
Ce204((X)3)2 4K^(J03 I2H2O. compound readily loses jiait of its w'atcr 

when exposed to dry air, and may be almost completely dehydrated at 110"- 
120" w'lthout loss of available oxygen. 

As already mentioned, the addition of hydiogcn peroxide to iicrccric 
potassium carbonate solution causes all the cerium to be thrown out of 
solution as an oiMugc-ycllow' precipitate. This precipitate appears to be a 
derivative of CoO„ and is very unstable Wlien covered with a concentrated 
solution of potassium carbonate it slowly evolves oxygim, anrl beautiful rod 
crystals of a pcrceric potassium carbonate aic formed. According to Job, this 
IS the best method for jireparing the double salt , according to Baur, however, 
the crystals formed arc rather different in composition fiom those described 
by Job, and have the formula Cc20,(C().5)j JKoCO.^ lOTLO.'* 

In alkaline solution the perceric potassium carbonates have three atoms . 
of available oxygen per two atoms of ceriiiin. In acid solution, howexci, only 
one-third of this oxygen is available, the remainder being set free in the 
gaseous state, e.g — 

00,0,(003)2 4 K, 00 ,.121120 -f 7H0SO4 

= Oe,(SO;)3 -I- O2 -i- llfil + 4K2SO1 + COOg + 1811 , 0 . 

A solution of ceiic earhonato in potassium eaibonate is quite stable 
towards air or oxygc'ii. On the other hand, the eoriespouding cerous 
solution readily absorbs oxygen, passing into perceric and not into ceric 
carbonate. Simultaneously witli this reaction another change occurs, namely, 
the interaction of the jierccric carbonate produced with the unchanged 
cerous carbonate to produce ceric carbonate; and by varying the conditions 
of experiment the relative speeds of those two reactions may, w'lthin certain 
limits, be altered at will. This auto-oxidation of cerous carbonate may be 
used to affect the oxidation of various substances by the air, a small quantity 
of cerous salt acting as the oxygen-carrier. It is only necessary for this 
purpose that the “acceptor” shall be able to reduce both ceric and ])crceric 
carbonates to the cerous state ; glucose is one such substance. When, how- 
ever, the “acceptor" can only reduce perceric eaiboimli* to the ceric state, 
the cerous salt soon becomes quantitatively transformed into ceric salt, whena^ 
the auto-oxidation ceases According to Knglcr, the autu-oxidation of cerous 
Ciarbonate takes place in two stages, as follows : — 

(1.) CeJCOg), -f 2 H .0 -i- 0 , = + 11,02 

: (ii.) Ce2(C03)3(0H)2V 2H,b2 = Ce.;(C03)303 :Ui20“ 

* Job, Ann. Chini. Phys., 1900, [vii.*], 20, 205. 

® Meloche, J 'imer. CJiem. Soc., 1916, 37, 2338, 2045. 

• Bftui, Zeiisch. anorg.Vhem., 1902, 30, 26G. 
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the initial products of oxidation being basic ceric carbonate and hydrogen' 
peroxide, which then interact to produce the porcoric compound.^ 

Ceric RcetRte. — The normal salt is not known. A weakly acid solution 
of a ceric salt is completely piccipitatcd as yellow’ kmc venc acetate when 
heated to boiling with excess of an alkali acetate An aipicoiis solution of 
cerous acetate is said to be oxidised to coiic acetate bv ozone. “ 

Basic perceric acetate is obtained as an orangc-biown precipitate 
when hydrogen peroxide and an alkali acetate aic added to a sidutioii of a 
cerous salt The precipitate thus obtained m apparently a derivative of a 
peroxide (Cc( 0 Il). 2 . 0 ^ 1 I) analogous to the peroxides of the other larc earth 
elements, since the atomic ratio of cerium to active oxygen [i.e. oxygen in 
excess of that roquiied foi a ccious salt) is . 0 ^ The formation of basic 
pci ceric acetate may bo used as a test for cerium or as a misins of separating 
cerium from the other lare earth elements ^ The prceijiitate is converted 
into basic ceric acetate when diied at 120'. 

Ceric OXRla,t6, ('e((.\,()j), 711 ,0 (?) — (Vne oxalate is obtained as an 
orangc-ycllow’ gelatinous precipitate when cold, acjiieous solutions of ceric 
ammonium lutiatc and ammonium oxalate aie mixed ^’he pieci])itato is 
difficult to filter and wash, and when attempts are m.idc to dry it on a porous 
plate, considerabh* deeomposition occurs, aiipaii'iitly a mixtun* of ceioiis 
oxalate, (^.((bO^). lOlI^O, and ceiic oxalate, (’e((btlj)) is produced, 

from which eerie oxalate may bo extracted witli aijin'ous ammonium oxalate.^ 
Cerous oxalate is a very unstable s<ilt, loadily losing carbon dioxide and 
becoming converti'd into eeious oxalate : — 

2Cc(CV),), Oe,(a(),), + (:o,. 

It is readily soluble in ammonium oxalate solution, thereby resi'inbling 
thorium^ oxalate The oiange-xellow' solution deposits cerous oxalate on 
standing, the decomposition being i.ipid when the solution is warmi'd. The 
cerium inay be rapidly and quantitatively piecipitated from the solution by 
the addition of sulphurous acid 

Ceric acetylacetonate, (V((:il,.CO (Jll.(H).ClI,)„ may be prepaiod by 
shaking a susjieiision of eerie h\ dioxide in water w’lth excess of acetylacctone 
forseveial days.^ Deep red needles of the hydiated compound (1111.^) dro 
thus formed They are dried iw vanio and ciystalhsed from eaihoii tetra- 
chloride, when black, luslious ciystals of the anhydious substance separate 
out, m.p. Ill 172. The acetylacetonate is sliglitly soluble in water, which 
hydrolyses it sliglitly , hydiohsis may he iepres>sed l>y the addition of a little 
acetylacctone. ^J'he compound di.ssolve.s in most organic media, forming 
deep red solutions that aie leadily reduced.'^ 


^ For fill ther iiifoiiiiation on the auto-oxidation i)f ermus salts, see Job, Compt. rend.* 
1898, X26, 246; 1899, 128, 178, 1098, 1902, 134, 1052, 1903, 135, 45, Jim. Clam. Phys.^ 
1900, [vii.], 20, 205, Baur, Zntsch, anorg. C/icm , 1902, 30, 251, Iln , 1903, 36, 8038/' 
.1904, 37, 795; Engler and Wohlei, Zeitsrh. anorg C/icm., 1902, 29, 1 , Kiigler, Per , 1903, 
36, 2642, 1904,37, 3268, Englci and Woi'-slicig, fCiitisdic Sfialitn uber dir Voi gatUfft' 

*deT Auto orydaiwn (Vieweg, Brunswick, 1904). 

* Job, Compt rend.^ 1903, 136, 45. 

® Wyrouboff and Veineinl, Ann. Chvn. Phys., 1900, (viii], 9, 3M , rf. Molocbc, loc. ciC 

* Popp, Annalrn, 1864, 131, 359 ; H. J. Me}Pi and Ivoss, AV>., 1902, 35, 072. 

" Brady and Little ; unpiiblis]i8d ('xpprimrnts. i 

* See Orloff, Chem. Zeit., 1906, 30, 733 ; 1007, 31, 5%3. 

' ^ Job and Goissedet, Compl. rend.. 1913 , 157, 60 . 
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Cerium and Boron. ,.4 

Ceric borate, CeOgBoOg, may he prepared, according to Holm, by . 
heating ceria with an excess of bone anhydride in a petroleum injector- ; 
furnace and extracting the mass wdth water ; it is described as a yellow 
powder, insoluble in water and dilute minenxl acids.^ Ouertler,® however, 
states that this method of preparation only yields cei'ous metaboratej Ce(B 02 ) 8 . 



LANTHANUM. 

Synihol, La. Atomic weight, 139*0 (0 = 16). 

Lanthanum is one of the most abundant of the rare earth elements. Its 
occurrence, history, preparation, atomic weight, and homogeneity have been 
already discussed in Chapters X. and XI. 

Lanthanum^ is a tin-white metal of density 6T55. It is malleable, 
but not ductile Its specific and atomic heats (0“-100°) are 0 0449 and 6*23 
respectively its melting-point is 810“. Measurements made with material 
of doubtful purity indicate that lanthanum is feebly paramagnetie,'* but .this 
is questionable.® 

Lanthanum tarnishes rapidly, even in dry air. It burns in air at 440“- 
460*. The chemical properties of the metal, so far as they are known, are 
very similar to those of cerium. 

Alloys. — Little is known of the alloys of lanthanum. Lanthanum alloys 
with aluminium, and if excess of the latter is taken, and subsequently removed 
with sodium hydroxide, the compound LaAl.^is obtained. Its density is 3*923 
and its heat of formation 97*8 Cals. ; it resembles the corresponding cerium 
compound.^ 


COMPOUNDS OF LANTHANUM. 


The salts of lanthanum are derived from the colourless basic oxide La^O^, 
. and, if derived from colourless acids, are themselves colourless Tlicir aqueous 
\ solutions are devoid of absorption spectra 

The following values for the equivalent conductivities A of a number of 
lanthanum salts at 25“ are in harmony with the view that the salts are 
.derived from a fairly strong triacid base (?; = dilution in litres pet gram- 
[A^equivalent) ® 


^ 'Ro]m, Inawfural Dissertation {Mujiich, 1902 ). 

A’ ® Guertler, ZcUsch, anorg. Chem , 1904, 40, 2*25. x .laa 

* Seepp. 229-280. Hillcbiaiid and Norton, Pogg. Annalcn, 1875, I55> 638, 150, 460 j 
i' Mtttbmann and Kraft, Annalen, 1902, 335, 261 ; Muthraann and Weiss, i5id., 1904, 331, 1 : 
fc^Muthmann and Scheidniaiidcl, i6id., 1907, 35$, 116. 

V' * Hillebrand, .4Mna7e7i, 1876, 158, 71. 1 a * ^ 

W »Owen, Ann. Phyaik, 1912, [iv], 37, 657; Proc. K. Akad. Wetensch. Amsterdam^ 

14, 687. 

® Pare lanthana is diamagnetic (p 257). 

Mutlimann and Bock, j 4«7 io 7 c 7 x, 1904, 331, 46. ^ 

1 Aufrecht, Inaugural Dissertation (Borliii, 1904), Muthmanii, 5«'., 1898, 31, 1829 
i'Z^Usch. physikal. Ch&n., 1899, 30, 193; Holmberg, Arkiv Kon. Mtn. Geol., I W 
lA, A. I^oyes and J. Johnst^, /. Amer. Chem. 8oc., 1909, 31, 987 ; A. Heydweilleii 
-a7. CTem.,1916,89, 281. ‘ 



'^LaCl, 


i; = 


WS04)3 « = 


* BABTH 

■MW »-* %-r /»■ 

* ' 

m 

21*3 

42*6 

85*2 

170*6 

341*1 

682*2 

1364-6’’ 

101-7 

108 6 

114-9 

122*3 

126*5 

131-9 

136-4 

32 

64 

128 

256 

512 

1024 

- ; 

98-6 

105 4 

112-8 

118 1 

124-1 

126-5 


33 86 

67*72 

135-44 

270 88 

541*76 

1083 52 


43 58 

50*30 

58*49 

68-89 

80*93 

96-26 



Noyes and Johnston have measured the equivalent conductivities of dilute 
solutions of lanthanum nitintc and sulphate over a wide range of leinperaturei 
and Johnston^ has calculated from the results that the ionic conductivity of 
the lanthanum ion vanes with the temperature as follows — 

Temp “0. 0” 18“ 25“ 50“ 75“ 100' 128" 166" 

JLa'- 35 61 72 119 173 235 312 388 

At 25" the percentage dissociation of the nitrate and hnlj)liate is as follows 
(Noyes and Johnston) : — 

V . . X) 500 0 . 80 00 20-00 10-00 5 00 

TOOOr) . 0 0*002 0 01-25 0'(5'50 0-100 0 200 

La(NO,)9 100 90*4 80-4 70 0 ()l-4 58 6 

La./SO,)3 100 15*0 27 8 19 0 15 8 13 2 

Numerous compounds of lanthanum have been prepared and described by 
Clove, 2 and by Frerichs and Smith.® 

Thermochemistry of Lanthanum —The following residts have been 
obtained : — * 


La, 
‘La 


= [LaAl,l 

= 2LaCl.^aq. + 3HoO . 
= 2[ucU+3rTi;o] 

La 2 (S 04)3 + Aq. =La2(SO,)3aq. . 


L-Pa] + OllClaq. 
Lg0.j1 + 6(HCi) 
■La] + 3(C1)' 
'LaClgl + Aq. 


+ .114*7 CalH. 
+ 97 8 
+ 1U-6 „ 

+ 1G0‘6 „ 

+ 263 0 „ 

+ 31*3 „ 

+ 138 2 „ 

+ 34 6 „ 


Lanthanum hydride, LaHg, has been described (p. 251). 


Lanthanum and tub Fluohine Gkouj>. 

Lanthanum fluoride, LaF,. — See p. 252. Tlie hemihydrate, 
2LaF3.H20, and the acid flnonde, 2T,aF3.3HF, have been described (Cleve; 
Frerichs and Smith). 

Lanthanum chloride,® LaClg.— For methods of preparation and 



1 Johnston, J, Amei. Cfuni. Soc , 1D09, 31, 1010 
'■ ■ Cleve, Bihang K. Svenska Vet -Akad. IlawU., 1872, 2 , No 7 *, Bull Soc. rAim., 

■Snil 21 , 10« ; 1878, [li.], 29, 492. 

'> Frerichs and Smith, ylioia/c7i, 1878, 191, 331. . / y 

* Matignon, Ann. Chiin. Phys., 1906, [mil], 8, 426 ; Compt. reml., 1906, X42, 2761 
Muthmsmi and Weiss, Annalen, 1904, 33X, 1 (2U + 30), Biltz, Zeitsrh. anorg. Chem., 19llj 

^>^\»^llfatignon, Ann, Chim. Phys., 1900, [viii.], 8, 426 \ Bourion, iW., 1910, [viii.], 2x/!^ 

^ '4a. . 
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properties of the anhydrous salt, see p. 252. It is a wliite, crystalline, 
hygroscopic solid, readily soluble in water. 

From an aqueous solution of the chloride, large truilinic crystals 
(a:5:c = Mr)93.1 a = 9r 3', j8=lir 28', y---88“ 12') of the 
heptahydrate, LaCl3 711^0, may he olitained * The douhle salts listed 
below have been piepated, ni addition to those contaiimig metals of 
Groups IV. and V. . — 

LaCl3.3CsC1.41U)(?r)H/)) r.a(M, \u(’l. 1011,0 1 

2LaCl3. 9HgClo. 2111 .,0 ^ 2 1 ,a( )1 j. 3 A u( I’l ..2 1 If ,( )(?) 

LaCla 3Hg((^N), Sfl .0 ^ 2fa(’l, 31>t(Jl„lSlf,b<‘ 

faCl,l>t('l,. '1311,0 4 

2LaCT,31>tn,2Hl,05 

Lanthanum oxychloride, LaOCl, has heen descnhed ’ 

Lanthanum bromidCi fallr., -The anhydious salt has been prepared 
(p. 255) and also the heptahydrate, Ijallr^ 71I.,0 (Cle\e), tho <iu) ihmmide^ 
LaBi'j.AuBr^ 9IloO(Cleve),and/uw/Zi^/7/7/»i:/?icA/*owi///tf, 2Lar»r, 3ZnHro 3911.20(1) 
(Frcrichs and Smitli). 

Lanthanum iodide, fafj, is not hnown, hut Inuthnnnm zinc iodide^ 
2Lal3.3Znl2.271f,0, has been descnhed (Kiciichs and Smith) 

Lanthanum perchlorate, fa(('10,)3, forms delKpiosccnt needles, soluble 
in alcohol (Clove) 

Lanthanum bromate, fa(Br03), 911 ,0 — See p 256. When diiod at 
100“, this salt loses watei nnd is conveited into the dihydrate, La(Hr0^)^.2H20 
At 150“ the anhydious salt is obtained, and at high leijqxuatuies it readily 
decomposes 

Lanthanum iodate, 2fa(10,)3 3II2O, obtiuned hv double doroinposition,^* 
is sparingly soluble in water, oiu' litre of a satin. ited solution at 25“ coptaming 
1*87 grains ol anh}diou.s iodate 

Lanthanum periodate, lialtb, ‘ilijO, is obtauusl .is a white, miero- 
crystalliuo precipitate \vhen aqueous solutions of lauth.inum acetate and 
periodic acul aie mixed (Cleve). 


Lanthanum and Tins Oxyokn Guoup. 

Lanthanum sesquioxide, or lanthana, La.O.j, is obtained as a white 
powder by tho ignition of the Indioxale, caibonate, nitiate ox.ilate, etc. 
The strongly ignited oxide has a density of 6 53 at 17“ (('le\e), 5‘94: 


' Wangiiac, Mem. Sri phys nat., 18r)5, 14 , 201 , (Kuvirs ('nniphti’n ((ioneva, 1902), 
vol. i. p. 302 ; Clevo, Hull Soe chim , 1874, fn ], 21 , 19R , Zschicsclic, J. piakt. C/tem , 

1869, 107 , 65 ; R .T Mcyei and Ko‘,s, Ikr., 1902, 35 2622. 

2 Maiigiiac, (Eiivfe'i Cmnpltfe'* {iicwvA, 1902), xol i p 6'10 

* Alin, Orfrets Sienska Vet.-Akad Foihandl , 1876, 33 , Nds 8 , 9; Hull. Sue chim., 

1870, [ii.], 27, 3 b. 5 . 

*'• Clevp, Inc cit. 

^ Freiichsand Smith, Annnlcn, 1878, 191 , 331. 

" Nilson, Bcr , 1876, 9 , 1056, 1142 

See p. 255, and Ilcimjinn, J jmtki, ('hem , 1861, 82 , 38.'> , Frciichs, Bci., 1874, 7» 

’. 798 . 

^ Hol/mann, J. prakt. Chem.^ 1858, 75* * IlGiinaii^i, ihul , 1861, 82 , 305. 

■* Rimbdch and Schuhert, Zeihd/i physikal Uhem.f 1909, 67 , 183 
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(Hermaiiu).^ It is sliglitly di.iinjif'netic (see p. 257 ); the sj)L‘(’ifjc heat 
between 0" and 100" is 0 ‘ 0749 . The powder rapidly abaoibs water, with 
the evolution of heat, and it also conihincs readily with carbon dioxide. 
The oxide ciystallises m the foiiii of hexiij^oii.il hijiyranuds of density 5*30 
when dissolved m borax at a white heat and slowly cooled-, the crystals 
are not allccted by w.ater 

Laiithaii.i, even after intense ignition, is readily soluble in acids 

Lanthanum hydroxide, La(01I'l., is pioduced by the dneet nnion of 
lanthana and water, .ind may be obt.iined as a white, gi'l.ilinoiis pieeipitato 
by the addition of an e\cess of ammonia or alkali h\dio\ide to a solution 
of a lanthanum salt The precipitate is bufticiently solubli' in water to 
turn led litmus blue , it ea.sily absoi bs carbon dioxide from the an and sets 
free ammonia fiom ammonium salts Lanthanum b}dio\ide is, in 1 act, the 
strongest bahe of all the lare eaith Indioxides, being compan^ble with calcium 
hydroxide 111 its stiongth, and on this account the claim of IVi^koi ville and 
Catlett** to have piepaied metallic, lantlmiuttva^ m wliK'h lantlian.i ,icts as an 
acid, cannot be aceept(‘d until imlcpendenl continuation of then lesiills is 
forthcoming. 

Lanthanum peroxide —An oxide of lanthanum higluu tiiari La^Og 
cannot be prepansl in the dry way, but indications of the cMsleiice of such 
ail oxide luuc Imvii obtained.^ 

When a mixtuic of ammonia and hydiogen peroxide is added to a solution 
of a lanthanum salt, a gelatinous, h\diated peioxido, F.inO, ulI^O, is obtained, 
to which the constitutioii (()|l)jLa(() Oil) has been asciibed Dilute sul- 
phuric iickI and eaiboiiic aeid set fiee livdiogen peioxulo from tin* pKs-ijiitate, 
and <‘oucentrated sulphuiie aeid decomjioses it with the liheiatioii of o/.oiiised 
oxygen. 

Lanthanum sulphide, La.^S.^, the piepaialion and properties of which 
are given on i). 259, is a vellow’ solid of density -1 911 at 11“ (Miitlmiann and 
y tutzel ) 

Lanthanum persulphide, La^s,, is prepared by lu'atmg lantliaiium 
sulpliato to 5 S 0 “--() 00 ’ m li\diog<‘n sulpliule, and lesenibles tlie coi lesjionding 
cerium coinpound in ])iopeities, decomposing into the scsipiisnlphide and 
tiulphiir at G 50 ".” 

Lanthanum sulphite, ),. — A ti'tiabydialo of this sail lias been 

dcseribed by ('Icvc, and a tiihvdi.ite liy tlio^smaim (se e p 2(i0) 

Lanthanum sulphate, La^(SO,), — See P 2 t»() forgcneml [uoiieilios. Of 
tail the raie eaith sulphates, tins is llie most dillienlt to (h*eom pose completely 
by heat. Its speeifu* beat (0 100 ) is 0 1 182 " 

One ])ait ot the anli\dioiis sulpbati* (livsol\es m 0 ]).irts of lee-eold 
water, fnmi the solution at 0 ' (!. a li\<Iiat<*, Laj(SO,)j. HllLO, may bo 
crystallised.'*’ 


1 Ili'iinuun, J. jmiTf Chein , ISCl, 82 , .IS.''* 

Noidcnskiold, Vong. Annnhn, 114, 612, J jnnl.f. Chrm., 186 !, 85, 131. 

® Baskeivillf and Citli-tl, ,/ Anui Chem Sue , ltm4, 26 , 76 • 

* Maic, Ih'r., 1902, 35 , 2370 , cf. lleiiiunn, J pufU, ('hem , 1861, 82 , 386 , Zschiesche, , 
ibid , 1809, X 07 , C 6 . 

® Clevc, liuil Hoe chnn 1885, [ 11 ] 43 , 63, Miilikolf and PisbaijfWsky, Zextach, 
anorg Chem., 1899, 21 , 70 Sit .also Job, i’fonpf rend , 1903, 136 , 45 

• W HiRz, Zeit.seh anoig. Otfvi , 1911, 71 , 1‘J7 

’ Nilsoii and VetU-i'-son, /*Vr., 1880, 13 , 1459 . (^onwf tend , 1830, 91 , 232. 

" Brauiierand TavUiek, Trans. Chnn. Hw . , 1902, ft, 1243. 
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. ' The hexagonal^ enneahydrate, La2(S0j)j 9H2O, is the only hydrate stable 
in oontact with the solution between *0“ and 100“. It is readily prepared by 
' warming a 15 per cent, ice-cold solution of lanthanum sulphate to 30“. The 
' solubility diminishes with the temperature as follows : — 

Temp. " C . .0’ .U“ * 18“ 30" 50" 75" 100" 

Grams of La2(SOj)3 3*0 2-6 2-1 1‘9 1‘6 10 0-7 


The figures represent grams of anhydrous salt per 100 grams of water. 

A hexahydrato, Lao(S04)3.6HoO, is said to crystallise from a solution in 
aqueous sulphuric acid (Frcrichs and Smith). 

The acid sulphate, La(HS04) „ and the basic sulphate, La .O^ SO^, arc known 
(p. 263). The following double salts have been described — 


La 2 (S 04 ) 3 .C 82 S 04 . 21 f..() ;« 3La,(SO.)3.2Cs.>SO, 
La 2 (S 04 ) 3 . 1 lboS 0 ^. 2 H 20 ;fl La..(SO j.,.Rl)..sh), 3La2(SO,,)3.21lb,SO/ 
La2(S04 3.K2S0,. 21120;’ La,(S0,)3.3K2S04.3 - 1 
La2(S04)a 5K2SO4.’ 

La2(S04)3.Na2S0,2H20.«‘’ 

La2(S04)8.(NH,)2S0,.8Ho0 ® with 211., 0, see Rarro ’ 

2La2(S04)3 5(NH,)2S04 ,’‘'La.,(S 04 )/)(NH;) 2 SO,.’ 


Lanthanum sulphate also combines with hydrazine sul[)liato ^ 

The diminution in solubility of lanthanum sulphate brought about by the 
addition of potasmiim, sodium, or ammonium sulphate will be seen from the 
following (lata, given by Barrc, and denoting grams of anhydrous salts present 
in solution per 100 grams of water (s(jlid phases not stated by Rarre) — - 


Temperature 16 ‘5". 

Tempeiatuie 18°. 

f 

Temperature 18°. 

KaSO^. 

Lag(S04).] 

Na.jS04. 

Lb.2(‘^0413 

(NH4),S04 

La-^CSOj),. 

0-00 

2*21 

0 00 

2-13 

0.00 

2 13 

0 26 

073 

0-40 

1 00 

4 01 

0-39 

0-60 

0-27 

0-69 

0 35 

873 

0 28 

0 85 

0 19 

0 77 

0-30 

18 24 

0-25 

1-03 

0 05 

1 14 

0'13 

27 89 

0'4a 

1-16 

0-02 

2 48 

0 04 

36 'll 

0 28 

2*60 

0 00 

3 80 

0 02 

47 49 

0-14 


5 55 

0-02 

65 29 

O'Ol 


Lanthanum dithionate, La.2(S20g)3.241l20, is readily soluble in water 
and crystallises in six-sided plates (Clove). 


^ Kraus, Zeitsch. Kryst. Min., 1901, 34, 307. See p. 261. 

» Muthmann and Rolig, Ber., 1898, 31, 1719 ; Barre, vuic infra. 

* Hermann, J. prakt. Chem , 1861, 82, 385. 

* Cleve, Bull. Soc. ehim., 1874, [11.], 2l, 196 

* Mangnat, Mem. Soc. phys nat., 1865, 14, 201. 

® Baskerville and Mobs, J. Amer. Chem. Soc.>^ 1 904, 26, 67, 

’ Barre, Compt. rend., 1910, 151, 871. 

* Kolb, Zeitsch, anorjf Chem., J908, 60, 123. 
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Lanthanum selenite, La2(Sc03)j. — Hydrates of this salt with OHgO and- 
I2H2O have been doscnbod, and also the acid salts, Tja2(Sc03)j.2H2Se0j.4Hg0 
and La2(Se03)3.3H2Sc()..2H20 * 

Lanthanum selenate, La2(ScO,)j.— Hydiates with eif^O and lOHjO 
have been described by Clcve, ancl also the following double salts : - 

La2(SeO,)3.KoSeO,.9H20 La,(ScO.,)3 (NH,)2ScO,.9lf,,() 

Lao(SeD 1)3. N a2ScO , . 4 H oO 

Lanthanum chromate, Li2((‘i04)j tSM.,(), may be obtained by double 
decomposition as a spaiingly s^dublc, }ollow, crystalline ])rccipitat(i f(’lovo). 

Lanthanum molybdate, La2(Mo(),)3, has been prepared ([) --Mio). 

Lanthanum tungstate, La3(\VO,)3, tlio motatnngsUite, double and 
complex tungstates have been described (p. 205) 

Lanthanum silicotungstate, l^a,(\Vj2Si(),(,)j.— isce p 2GG. 


Lanthanum and the Numiooen (Jiioui*. 

Lanthanum nitride, LaN, has boon deseubed (p. 2()7) 

Lanthanum azide(//y</?'tt-on^f’, ti nnti ule ). — The basic salt 2La( X ,)2(OH). 
SHgO is known and is veiy explosive.- 

Lanthanum nitrate, La(X()j). forms delKiucscont, tnclmic 

crystals*^ which lose OH iO over siilphiirie acid.* At 25" a satiir.iled acjucons 
solution of the hoxahydralc contains 151 1 parts of .iiihulrous salt per 100 of 
water.® Ijanthanumuitiatoisisodimoijihous w'lth bismulli iiitiati* (seep 234). 

Lanthamnn ammonium n{fiaf<\ lia(N(),), 2(NlIj)NU3 IILO, has already 
been described.® 

Lanthanum avsivm mtiate, Ija(XO,), 2ClsNO, 2II.3O, forms moiioclinio 
crystals i : c = 1 -3052 1 0 OOOa , « = 1 03" 26').^ 

Lanthanum rubidium nifinffy La(N()j) j 2llbN03 4IloO, has been described 
(p. 268). 

Lanthanum potamum nitrate, La(NOj)j 2KNOj.2ILO, forms orthorhombic 
crystals (hemimorphie , a • 6 . c = 0 5300 1 U*5G00) of density 2 54 at 0“ C. 

Lanthanum sodium nitrate, I.a(N(),)j 2XaX()j lf„0, foims monoclinio 
crystals (a • 6 . c = 1 9970 1 . 0 7078 ; - 90^ 32') of dJnsity 2 03 at 0“ C » 

Lanthanum thallium nitrate, La(N( >3)3 2TlNO^. ill. jO, lias been described' 
(p. 268). 

Acid lanthanum rubidium nitrate, La(NO,),.UbN()3.11NOj OHjO, has been 
prepared by Janlsch and Wigdoiow. When heated to 120" it loses nitricacid 
and water, leaving the salt l.a(NO,), KliXOj ILO. 

' Cleve, Zoc. cit. , NiKon, A’ixrt ti/fi Sm Uj>'<ufn, 1.S75, (lu ], 9i No. 7 , Bull, Sue ckitn., 
1876, [u ], 23, 494 ; Bci , 1870. 8, Oa.''*. 

* Curtiusand Daia|)Hky, J praKt Chem., 1900, [11 ], 61, 108 

> See ]) 268 ; and Marigiiac, Anv (Vnm. ZV/j/s , 1878, liv.J, 30, 66. 

* Mohandcr, Phil Ma<j , 1843, [111 J, 23,241, Clew, Bull Sue. thim , 1874, [11.], 21. 

198 ; Herniaiu), J praJet. Chein, , 1861, 82, 385 ; Zbcliiesflic, ibid , 107, 66 

* Jaiiicb and Whittemore, J. Amer Cfinn. Stir , 1912, 34, 1168. ^ ' 

* See p. 268; Marignac, lor nt. , Dufet, Bull Snr. Jran^. Min., 1888, XI, 143, 215; 

Kraus, AT? ysZ. 3/tH., 1901, 34, 307 , ,,, , 

’ Wyrauboff, Bull. Soc. /rang. Min., 1907, 30, 299, Jaiitscli and Wigdorow, ZHtseh, 
anerg. (Jhem., 1911, 69, 221. ' ’ 

, » Fock, AfetZscA. Kryst. Af 01.,. 1894, 22 37, Wyrouhiir, Bull. Soc.fiung. Mm., 1907^ 

30^ 299 ; Jantsch and Wigdorow. loc. cit. . 

* Wyrouboif, he, ett. , Jantsch and Wigdorow, loc. c\. 
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For the double nitrates of lanthanum and bivalent metals, (N0j)2. 
2La(N03)3.24H20, see p 2G9.^ 

Lanthanum phosphite, Iia,(lTPOj)j. has been dcsenbed by Frcrichs 
and Smith. 

Lanthanum orthophosphate, liaPO,, isobtfimed as a white, amorphous 
precipitate by adding phosphoric acid or sodium 01 Llio[)hosp]iate to a solution 
of a lanthanum salt (Clove) It may bo obtained in the cr}stallino foim by 
heating lanthana with molten potassium metaphosphato.- The (hmhh salt 
2LaP04K,r0| may be prepared by satuiating molten potassium pyro- or 
ortho-phosphate with lanthana. 

Lanthanum hydrogen pyrophosphate, LaTIP.,0,.:Ml/) — From a 
solution oLa lanthanum salt sodium pyiophosphate thiows down a white 
precipitate which then redissolvcs On allouiiu^ the solution to stand, the 
acid pyrophosphate crystallises out in needles (Clo^e) 

The donhle salt liaXaP^O^ may be obtained in ciystals by fnsnur together 
sodium metaphosphate and lanthana 

Lanthanum metaphosphate, Tia(PO,)5, and the eompoiind T.a/)j.r>P.p. 
have been prepared. * 

Lanthanum arsenite, rja2(H\s()^)„ and lanthanum arsenate, 

La.j(nAsOj),, liave also been described (Frcrichs and Smith) 


Lanthanum and the (Ukhon (liiour. 

Lanthanum carbide, LaCo, has been described (p 270) 

Lanthanum carbonate, l^a2(C0.,)i loses 711,0 at 100“. The 
octahydratc occurs m nature as the orthorhombic mineial lauthtuitf {a h c-- 
0*9528 1 0 9023) Tlie following double salts arc known — 

< 

La,(C0,)3 K., 003.1211.0 2 Li,(C 03), 3Na,(JO,2()II ,0 

La.]( 00 ‘) 3 .(Nll ,),003 ilip 

Lanthanum' thiocyanate, La(()N8)^.7H.,0, and the donhle salt^ 
La(CNS),.3ng(CN)2.12}l.,0, are known (Clove , see p 272) 

Lanthanum platinbcyanide, 21ja((’N), 3Pt(CN2.1^<ICO, fmms yellow 
prisms having a blue reflex (Clove , see p 272). 

Lanthanum acetate, 2La(C_,H,0.2), 3H2O, crystallises from its aqueous 
solution m thin prisms.** 

When a cold a(jucous solution of lanthanum acetate is made ammoniacal, 
a colloidal basic acetate is precipitated ; if a little solid iodine be added to 
the precipitate a blue adsoiption compound is piodiiccd, .similar in appear- 
ance to the familiar “starch-iodide” precipitate.' The blue substance may 
conveniently be prepared by adding a solution of iodine in potassium iodide 


' Also Hol/maiin, J, pralt. Chem., 1858, 75, 321 , Caiius, tbnl , 1858, 75, 362 ; Grant 
and James, J. Aiiur. Chem Soc., 1P15, 37, 26.'>‘2 (Fe) 

• Ouvrard, Conipt. rend., 1888, 107, 37 , Giamloau, Ann. ('him. Phijs , I8811, [vi ], 8, 

■ Wallroth, Ihdl. Soe rhim , 1883, [11.], 39, 316 

• Freiichsand Smith, loc cit , Johnson, Ber , 1889, 22, 976 

• II. J Meyer, Xn'Seh.. anorg. Chem., 1904, 41, 97 , see p 271. 

• Gzudnowicz, J. jnakl ('hem., 1860, 80, 31; Bull. Soc. chvn., 1871, [ii.], 21, 

196 ; Behrens, Arch. Nierland,, 1901, [11.], 6, 67. 

’ Damour, Compt. rend., 1866, 976. . 
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to a cold solution of lanihaiiiini acetate (or nitrate acidified with acetic 
acid), adding ammonia cautiously until voiy little iodine is left uncliangcd, 
and then warning the mivture \ery gently ^ 

Lanthanum ethylsulphate, La((\H..S(),), 01K,(). See p ‘JTs. 
Lanthanum acetylacetonate, I.a(ril, (’() Cll (’OCll,)„ has also been 
described (p :i7!)) 

Lanthanum oxalate, La^((y>,), 0(10 or 11)11,0," may be obtained by 
double deeoin posit ion .‘is a white, ci\stallinc precipitate Accoiding to the 
tcmpeiatuie at which piecipitation occiiis anil the tempeiatiiie of the wash 
w’ater, the piecipitale appi'ars to contain 0, 10, or 11 ll./) Most experi- 
menters give 101I.,O as being present in the hyili.ite in equililniiiiii with 
its aipicous solution at 20 '. 

Lanthanum oxalate is appieeiably soluble in a solution of lanthanum 
nitrate, but no erystalline oxaloiiitratc can be isol.itcd at ‘Jo" 'I’lio only 
hydrates of l.inthanum oxalate that arc stable at 2“)' in contact with aipieous 
solutions of lantiianuni niti.ite of the apjiiojuiati' concenti.itions are those 
cont.iitiiiig 311,0, olI.O, and SIl.O ' A hvdiate containing TIIJ) may bo 
crystallised fiom dilute sulphuiic .u id •* 

A solution of lanth.imim ox.il.ite in hot, conccntMti'd hvfiiochloi ic acid 
deposits ci vst.ils of lanthnnnm onihuhlorutf^ 2La((<’.^0,)Cl 011./), wlnn cooled 
The salt is decoinjioscd by wati'i* ^ 

For fuither details coneeining lanthanum oxal.ite, see p. 273 
Lanthanum salts of organic acids— The lollowmg salts have been 
described — 

Lanthanuin formate,^ siia ^ 

DUthntntt ^ ' *’ *“ t/fphos/ilutfr^ /yea zoa phcit f/f ttrt'fa f c, *'* h ipi'iUY' 

(tt€^ jtlifuoa ftCiizuit 7)1 itifio-f 7H-('hh>i and 7/i-/>iowio- 

he)}z<’ncsulph<in>ttt\^“ p-dn'hhn <d>i iiztnu'^ulphomit* p diln'(»noh( nz('7i(‘sulj>/iou(t(ef^^ 
G ‘3 , \-%lo)tnuirohrnzenf>Mtlph''Htite^^- 1 1 * 2-f,7o)noint)'()h(ur.fi.}teKHlphonafp,^^ 

S-hi/(l7'()j’f/nnj//ifht(l<'nP-\-i^7(l/i)n>7mff’,^^ n-n<ij>hih<il€7H6nlj>h*)U(itt^^^ 1.5, 1 : G-, 

1 l-iutronophthnlpne^idphonute and pij) utnucdte 


1 W. Hilt/, liu , li»04, 37 , 719. 

2 9H.,0, C/adiii»wic/, ./. ptukt, dun) , 1860, 8 o, 31, Ulc\e, BnH Sor. rfani , 1874, 
[ii J, 21 , 196. lOILO, Vowel .ni«l Slicildi'ii, ./ Soc Omni Imi , 1900. ig, 616 , Hauser 
aiarWiitli, Zfits<h motf C/inn , 1908, 47 , 389, Wiitli, ZriNh. inwiff. dion., 1912,76, 
174. llHp, Wyiouliolt, /iuif S,n f,aw 1 /oj , 19n1 , 24 , 105 ; Ukuuut uiid PavHiek, 
Tnin'' Chrm Sor , 1902, 81 , 1213 

2 WliittonKue aii<l .Tauifs, ./ Aincr f'h-m Sm , 1912, 34 , 1168. 

* Soo AVnth, Zafsdi. mtoiif f%'in , 1908, 58 , 213 
® .lob, Compt ri’iid., 18!*8, 126 , 21 o 

® (3i‘VP, Bull. Soc chivi , 1874, |ii ], 21 , 196. 

’ LVudnowicz, J. piakt Chnti . IBaO 80 , 31. 

“ Behrens, Anh. Xtcrlaml , 19ul, fii 1, 6 , 67 

• R J Meyt'i, nrumu i^iem , 1902,33. 113 

Rimbacli and Scliubiut, physikal ('hnn , 1909, 67 , 183. 

Erdmann and Wiith, Annalrn^ 19c8, 361 , V'O 
Holriiberg, Zcitsth annul Chcni , 19ij7, 53> 

Jantsch and Giunktant, ihn ! , 1913, 79 , 30.'' , 

Armstrong and Kodd, Vine Hoy Sm’., 1912, A, 87 , 204, 

« Rodd, ihid., 191.3, A, 89 , 29-? 

Pratljiiid James, J. Amct Chem .SV , 1911, 33 , 1330. 

Whittemoio ftnd James, ilud,^ 1913, 35 , 127. 

Katz and James, ihul , 1913,«35, 87“’ 

Moigan and Jame.s, i/yw/., 1914, 36 , 10 
®® Giant and Janies, ibid., 1915, 37 , 2652. • 




ALUMINIUM AN# ITS CONQENEfes.' 


Lanthanum and Boron. 

Lanthanum metaborate, La(B 02 ) 3 , has been described (j5 282). 


PRASEODYMIUM. 

Symbol, Pi. Atomic weight, 140‘92 ^ (0 = 16). 

Praseodymium is one of the most abundant of the lare eartli elements, 
but It iH decidedly less plentiful than lanthanum or neodymium. The relative 
proportions of praseodymium and neodymium m dilleient minerals do not 
vary very much, the ratio praseodymium to neodymium being approximately 
1 to 2.2 

The occurrence, history, preparation, atomic weight, and homogeneity of 
praseodymium have been already discussed in Chapters X and XL 

Praseodymium is a yellow metal of density r)‘475 It melts at 940" 
and is strongly paramagnetic, the magnetic susceptibility at 18’ being about 
25 X 10“® c.g B. units per gram.* Very little else is known of the pioperties 
of the metal. 


COxMPOUNDS OF PRASEODYMIUM. 

The salts of praseodymium are derived from the basic oxilIj Pr^Og. They 
are Icck-groen in colour, and their rellection spectra or the absorption spectra 
of their solutions exhibit characteristic absorption bands The conductivities . 
of praseodymium salts in arpicous solution are in harmony with the view 
that the salts aie derived from a fairly strong triacid base The following 
results, for example, refer to the chloride at 25" (?; = dilution in litres per 
gram equivalent) — ’’’ , 

PrCl, 31 3 62*6 125*2 250*4 500 8 1001 0 

A- 105*3 112*25 120 1 125*1 130 4 135 7 

^ Praseodymium is of inteiest in tliat it forms a diojide, PiOj Accord- 
intr to Brauner, the dioxide is a weak base, and gives rise to a basic 

® IV i\ 

sulphate, 2 Pro 0 i.S 03 + 24ILO, and a basic arrfaie, (CIln.CO) 3 .rrO Pr(OH), or 
(CHg.C0)2.Pr20.^(0H)(C0.CH3) + 11,0.® The sanic authority also mentions an 

, acetate of the constitution (CUg CO) 2 pr 0 0.0 Pr(01i)(Cf[ , CO) + - 

Numerous compounds of praseodymium have boon described by von 
Sohdele.® 

Thermochemistry of Praseodymium. —The following results have 
been obtained ® 


^ Baxter and 0. J. Stewait, J Amcr. Chum. Soe., 1915, 37, 516. 

* Muthmaim and Stutzcl, Ber.^ 1899, 32, 2653. 

' * Muthmann and Weiss, Annalen, 1904, 331, 1. See also pp. 229-230. 

“ • Owen, Ann Physik, 1912, [iv.], 37, 657. * . 

” “ ^ Aufreoht, Inaugiiral Dissertation (Berlin, 1904); see also Jones and Reese, Amcr. 

Qhem. J., 1898, 20, 606. 

» ‘ • Brauner, Ptoc. Chem. fi'oe., 1898, 14, 70. 

' <■ . ’ Brauner, Proc. Chem, Soc , 1901, 17, 66. 

7 * •Von Schiele, Zeitsch. anorg. Chem., 1898, 17, 810 ; 18, 3.^>2 ; ^ . 

^ » Muthmann and Weiss, Annalen, 1904, 331, 1 (2Pr+30); Matignoii, Ann. Chm, : 

1906, [viii ], 8, 386 ; Comjii' rend., 1906, 142, 276. - f/- 
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PrJ + 3(0) 




+ 6HClaq. = -irrCL^q. + 3H.,0 . 
+ 6(HC1) =2[VrCI,] + 3[H;()] 

+ 3[H2SO.] = [l>r„(!jO,)J + 3[ll,()i 
+ Aq. =l’iCl^q. 

PrCl':HjO] + Aq. -PrCl>(i. 

PrClj 7H j^O] + Aq. . Piri,,Aq. . 

;Pr5,(SOi)3] + Aq. Prj(S 03 ) 3 a(i 


ProO, 

■Prbul 


+ 412'4Cal8. 

+ 106 2 „ 

+ 147-8 „ 

+ 125 7 „ 

+ 33 5 „ 

+ 28 0 „ 

+ 5 3 „ 

+ 36-0 „ 


Praseodymium hydride, Pilfj, luis l)een doHcnboLl (p 2.51). 


PjlASK()l)\MIUM AND Tlllfi Fl.LOItlNK (JkoIT. 

Praseodymium fluoride, Pi-Pp prepared fioni aqucouB praseodymium 
sulphate and hydrofluoric acid, is a yellow piecipitato. When diied, it forms 
glittering yellow crystals which appear green by reflection ^ 

Praseodymium chloride, IhCl,— Tho methods of pnqiaiation and 
properties of the anhydrous salt aro given on ]> 252 It is a gn‘eii, hygro- 
scopic solid which fuses to a green lupiid. fl’he density is 4-020 at 25“ 0. 
(Baxter and Stewart). 

From aqueous solution tho lieptahydratc, TiCl, 711./), Ke])ar,'ilcs in large, 
green crystals of density 2*25 at 15“ (Sclu'ele) The crjstals melt at llT C. 
(Baxter and Stewart). When diied over sulphuric acid, the heptahydrate 
rapidly passes into the hexahydiatc, PiOlj GH.jO, which is slowly dehydrated 
to the tnhydrato, PrClj.flll/). The moiiohydiato is also known (p. 254). 
At 13 8“, 100 parts of watei dissolve 103 0 parts of anhydrous chloride or 
334-2 of the heptahydrate, the solution being in equilibrium with the hepta- 
hydrate (Matigiioii). Tho conciMit rated aqueous solution dissolves consider- 
able quantities of rare eaith ()\alates. 

Frascodi/mium aurichlortdey 1V(3 j AuCl3.lOll.jO, forms yellow' crystals of 
specific giavity 2 GO and is leadily soluble 111 water. The chlornplafniatey 
PrCl,.PtCl4. 12 !+,(), IB also a yellow ci-yslalliiic salt, of density 2 11 at 1G“. 

Praseodymium oxychloride, I’rOCl, has been prepared (p. 255). 

Praseodymium bromide, PrUr,. — I’he anhydrous salt lias been pre- 
pared, and closely resombles the ehloiido (p. 255). Tho lioxahydrate, 
PrBrj.GHgO, crystallises from aipieous solution (von Scheele). 

Praseodymium iodide, Prl ,, has been pnqiarcd by Matigiion (see p. 255). 

Praseodymium bromate, l’r(BrO,), 9HoO, forms green hexagonal 
prisms (p. 256). It is converted into the dihvdrato, Pr(Br 03 ) 3 . 2 lI.j 0 , at 100* 
and the anhydrous salt at 130“, while it douomposes at 150“. 


Praseodymium and the Oxyoen Group 

Praseodymium sesquioxide, or praseodymia, Pr.jO,, is obtained by 
reducing tho dioxide at a led heal in a sticam of hydrogen. It i.s a yellowish- 
green powder of density 6 88^ (or 7 07 ^) at 15“. When heated m tho air it 
absorbs oxygen and becomes browm in colour. ^ 


' Popovici, Bcr , 1908, 41 , 634. 

■ Matigpon, rend ^ 1902, 134 , 427; Aim Chim. Phy^ , 1906, [\ hi.], 8 , 364 j 

Bourion, ^bid.f 1910, [via.], 2Z, 49 ; ^ R. J. Meyer and Koss, '//'r., 1902, 35 , 2623) 
Baxter and Stewart, J Amer. Cfiejii. 1915, 37 , 516. 

* Von Schiele, Zeitsch. anorg, C/iem., 1898, 17 , 310. 

• Brauner, Proe, Chem. Soc,, 1901, 17, 66 . . 
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4.LUMINIUM AND ITS CONGENERS. 


Praseodymium hydroxide, rr(OII)j, may bo obtained by doi^ble 
decomposition as a })ri<jjlit green, gelalmou.s piecipitatc. Jn the ])R‘soiicc of 
hydrogen peroMde, ammonia produces with piaseodymuim salts a precipitate 
of hydrated jnaumdyiitnim perojide^ ly/Jj-, J'lUO or (OU),Pr 0 OH. The per- 
oxide closely K'sCMiihlos the lanthanum coinpoiind in its properties ' 

Praseodymium dioxide, TiO^, may be picp.ired by hoatini: the nitrate 
to 440'’ or by fusing the nitrate with nitie at 400"' until decomposition 
is complete '^ It is a black solid of density 5 978 at 20'. Aeeoiding to 
Brauner, the pure oxide is not of the hydrogen ])ei ovule t}pe, but contains 
quadrix’alent piaseodymium. It sets fi(‘e chloniie from hydioehlonc 
acid, iodine fiom hydiiodic acid, and o/onis(‘d oxvgen with oxyaculs it 
oxidises ceious salts fiom ceric, manganous s.dts to pei manganic acid, and 
gives a xiolct coloMtum xvith a solution of slrvchiiiuc in sulphmic acid. 
It IS reduced by hydioLrcn peiovuh* in acul solution It ovidises feirous 
and stannous salts, but a pait of the axailable oxygen is always lost 
(von Seh('elo). 

When piaseodymium hydioxide, caibon.iti*, nitiato, oxal.ite, etc, aio 
heated, daik blown oxide lesidiu's aic ob(. lined whieh aie iiitm nu'diato m 
composition between I’r/), and and which cout.im less o\xg('ii in 

proportion as the teuqu'i.itur/ at whuh thex are pioduc<>d increases* 
Intcrmeiliate ovules of tlie foimul.e Pi, ()-,'* have been 

described, but their individuality is doubtful Ihauiiei <onsideis the oxide 
Pr-Oy to be a conii>lev oxide formed by the combination of Pi ,0. with PrO^ 
(PiV,()j, = Pr,(),,.SPr(),) 

The formation of piase(Ml\mium diovide 111 a mixlureof (eiium eaiths 
is favouiably milueiu'ed by the piesence ol ceiia, wliieh probably acts as an 
oxygen-cairier, but is ad\er^ely allected by the pii'seiici* of laiithana or 
ncodymia.^ 

Praseodymium sulphide, Pi’jSj, cannot be piepared by flic usual 
methods (see p. 259) if entirely free from cciium, tlu' sulphate, when 
heated in h}drogen sulphide, giving only ptai^nnh/munn oxu^^^afjtlude, Pr/),S. 
If, howovei, the piaseodymium sulphate contains a little ceioiis siilpliate, the 
trisuljdiide, perf^nlphtdc^ Pi*>''^p mav be obtaiiu‘d as 111 the eases of 

cerium and hint h. mum The trisulphuh' is chocolate-biown in colour and has 
a density of 5 012 at IT (Muthniaiin and Stiit/el) The peisulphide begins 
to lose sulphur at about C50'’ 

Praseodymium sulphate, Pr^,(S(),)j — For piejiaration and general 
properties, see p. 2(50 At 0", 2.*MI paits, and at 20, 17 ’7 parts of the 
anhydrous sulpliate can be dissolved m 100 of water 

The monocliiiic *”octahydiate, rr,,(S(),),.8TL>(), is the only hydiatc stable in 


‘ ^Ifclikull iiiid Klimenko, ,/. A’/ivs y%s. i'hem. A’or., UiOl, 33, Uu 3 
“ Pmiunei, hoc ('hun Sor., 1898, 14 , 70, 1901, 17 , <it> 

“ See, howevei, Mehkoll and Klimenko, J Jiust. I’/u/',. ('lo'ui. Sac , Il'Ol, 33 , 739. 

* Von Selu'ele, 1 it 

“ Aiiei von Wthbieli, Moaatsh , 1885, 6 , 477. 

“ llraiiiicr, Pme i%vh. tSoc , 1898, 14 , 70, 1901 17 . *'0. 

' ’ Schottlaiidei, 7A'? , 1892, 25 , 5i»9 , K. .1 Z<itsrh. anmif Clh'iii., 1904, 

41 , 97. 

® Jirauncr, Momtisli , 1882, 3 , 1 ; RIaic, Bci , 1902, 35 , 2370 , K. J Mejei and Koss, 
Ber., J902, 35 , 3710. • 

• W. blitz, Znlsik nnorij. Vhcm.j 1911, 71 , 427. 

Kiaiis, Zeitsdi. Ktyst. Min.^ 1901, 34 , 307; Dufet, Chcvi. Zenh.. 1902, 1 . 452. 
See p. 261. •' 
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contact with the solution from 0“-7r)“ its solubility, in grains of anhydrous 
salt per 100 ^Tiiins of water, is as 'ollows* — 

Temp . . . O' IS' :\y r>.-)' Th" 

Grains of Pr,(SOj)j . 10 SO 1 1 O.") 10 10 7 OJ 1 ‘JO 

The in()no( lime “ ]H*nt.ihy(li.ite, I’l ,(SO|) oil ,0, si-paiales fioin the 
aqueous solution at i)0 - 100 Its soluhihty, in ‘iMin^ of anliulioiis sulphate 
per 100 jrrains of watei, is a'» follows ( Mutluii.inn and K<fliL') - - 

'IVunp “G . . So’ JMG Oo’ 

• Gianis of Gi,(S()j) . I (>0 1 .‘Jo 1 00 

The transition point (fioni oeta- to jient.i liuli.de) is about To Two labile 
h^di.ites, l‘i,(S(),). 1 ;■“)■>, 11,0 and l*i ,|SO,) IJII.O, ha\e In on is(tl.ited at low 
tein})eiatines by \on Srlit'olc and by Muthiuann and Kcliif i es|ii><*ti\ely ; 
Brainiei mentions a lie\ab\diate 

]'\)r <ind /xtsti sulphates, l*i(llSO,), and l*i ,0 SO i espei ti\ely, 

see ]) 

The follow inj^ snf/t/ttiftn ha\e lu‘eii deseiibi-d 

l‘i ,(SO,).(\.SO/Jll,0'»and Pi ,(SO,), (‘s.SO, 111.0-» 

Pi“(SO,)’ K .SO, 111,0/* Pi .(SO,\.JK.vSOj ll,0,‘densil\ .‘J JO 
Pi .(SOdpfNil/.SO'sIl .0,Mensiu ‘J f).’! 

Praseodymium dithionate, l’i..(S^o,/ IJll.o, is c\tiein<‘l\ soluble in 
water (\ou Seli('ele) 

Praseodymium selenite - Tin* basn- salt pie<*ipiiaied b\ sodium 
selenite fioni piaseodunium sulphate Milutiou is eon\('ited into the <irnl 
ftelenifc, Pi ,(SeO.)^.lloSeO, olh.O, b\ heatiiifi with a<jU(‘ous selennnis acid 
(von S(|ji'ele) 

Praseodymium selenate, Pr.fSeO,), — The oetaliMliati', lb ,(SeO,),. 
Sir.jO, eiystallises iiom eold aqmous solutions, and the ])entahydiatc, 
Pr,(Se(),)j olf.O, fioni hot solutions Tin* <lonbh‘ salt jmnf r>iff//in kn/ ^ofdsantm 
l*r.,(Se(),) .‘JK ,SeO, 111,0, is soiin‘W h.it nioie soluble than the double 
suljiliate (von Selieele) 

Praseodymium molybdate. Pi .(MoO,). - Seep Jf>r> 

Praseodymium tungstate, Pr(^^o,)., and (oinple\ tuniisiates ha\e 
been aliead> ineiilKHied (p 1*05) 

Praseodymium silicotungstate, Ih’d'' P 

Pii \sKon^ MU M AM) 'iiiK Nii’HoorN Giiori’ 

Praseodymium nitride, PiN, lias Imth deseiibed (p jtiT). 
Praseodymium nitrate, Pi(No,): (Mstallises m lai^e, peen 

needles The following double sails aie Known PilNO,) ‘J(NII,)NO, IH.,0; 
rr(N0,), JUbNO, til/), IhfNO ), J\aNO, II.O(noii Seh/ele) andtbecloublo 
salts with the iiiliates of bnalent iiielals, .‘JNP'tiNO.), ‘JI’G NOJj.’J 111,/) (see 
p 208) . 


^ Mullmiaiiii and Rolij;, /.'// IfitiP, 31, 1718. 

Kr.uis, Inc tit 8c*p |i ‘Jlil 
^ Hiauiu'i, I’loc Chfm Sf 1^08, 14 70 

* Von Selieele, loc \ii 

* Baskeiville un«l Holland, J. Amer. Chi\i Soi\, It'Ol, 26 . 71. 
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Prasbodymium and the Carbon Group. 

Praseodymium carbide, PrC.„ has been descnbed (p 270). 
Praseodymium carbonate, has been prepared by 

von Sch(5elc. The following double salts arc known ■ — ^ 

Pr.,(CO.,), K.,CO,.12iroO 2Pro(CO,). 3Nci,CO,.2-^ll..O 

Praseodymium ethylsulphate, Pr(rjh SO,)/JH^O, has been de- 
scribed (p. 278). 

Praseodymium acetylacetonate, Ib(CH., CO.CII CO Clfj)^, has also 
been described (p 279). 

Praseodymium oxalate, P>j(C./)i), may be obtained by double 

decomposition as a green, Cl \st.il line precipitate Foi its solubility in water 
and acids, see p. 273 

Praseodymium salts of organic acids. The following salts have 
been described — 

Vrfi\oo(\y]imi\n(icvtatej‘^prop{<mritej^7}ialonaie,^^^citrate,^succinafe^^''^sebacatef'^ 
glycollafi^'^'^ cacodithite'uhmvthijl phof^phiU\'^ phcnojryncetatef'henzenemJphonatvi^^ 
m-nitrohenzenefiiilphonate}^ zn-chUn oheniennnlphonafc^^^ 6 : 3 l-r^^oroni^ro- 
hemcncsul phonatv^^^ 1 4 • ^hrimoniirohcnzcncmlphonati',^ p-di chlorobenzene- 
iulpltonatey^^ ji-dibroinobeninicf^uljdionafe,^^ a-najdifhaliiicsulphonafe,^^ 1 : T)-, 
1:6-, and 1 l-nitronnijlithulencmlphonate^^^ ^-hifd}oxyi{(iphthalene-'[-6ul- 
phonate 

Baur jn (iscodyminm actlnte ^ivqh rise to a violct-bliio absoiption compound 
with iodine in a similar manner to the lanthanum compound (p. 11 0) *** 

NEODYMIUM. 

Symhul, Nd. Atomic wciglit, 144’3 (0 = 16) 

Neodymium is one of the most abund.inl of the rare eaith olements, 
being about twice as ])leiitiful as ])raseodyminm (p 112) Its oociiironce, 
history, preparation, atomic weight, and homogeneity have been already 
discussed in Ghapters X and XI 

Ip Neodymium IS a pale yellow* metal of density 6 D")!) It melts at 
840°. Neodymium is decidedly paramagnetic, the magnetic susceptibility at 
18° being about 36 x 10'*’ c g s units per gram 

^ R. J. Meyer, Zt'itsrJi. anonj Chrm , 1901, 41 , 97 , we p. 271. 

* Von ScliL'cle, Zeitsch. anonj (Uicm , 1898, 17 , 310, 18 , 352. 

3 Behrens, Arch. Kt'erland., 1901, |ii ] 6, 67 

* R. J. Meyf*r, Zeitsch. anorq. Chcni , 1902, 33 , 113 

5 Baskeivifle and Turroiitinc, J. Amej Chnn. Soc.^ 1904, 26 , 46. 

• Pratt and .fames, ibid , 1911, 33 , 1330 

“ Wbittemore and James, thid.^ 1913, 35 , 127. 

® Katz and James, ibid , 1913, 35 , 872 

• Morgan and James, ibid., 1914, 36 , 10. 

Erdmann and Wiitli, Annalcn, 1908, 361 , 190. 

Holmboig, Zeitsch anorg. Chem., 1907, 53 , 83. 

' Jantsch and Gnlnkiaut, ibid . 1913, 79- 

** Armstrong and Uodd, Pi or liny Soc , 1912, A, 87 , 20 1 

Rodd,.i 6 id., 1913, A, 89 , 292. 

Oilotr, Chem. Zed., 1907, 31 , 4.') 

Muthmann, Hofer, and Weiss, Annalcn, 1902, 320 . 231, Muthmaniiaiid Weiss, iWd., 
1904, 331 , Ij Muthmann and Scheidmandel, ibid., 1907, 355 , 116. Sec pp. 229-230. 

. Owen, .4iiw. 1912, [n.], 37 , 657. 
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(COMPOUNDS OF XFODYMIUM 

Tlie stilts of uooilMniiiin aio iom* lod oi joK*! m I'uloiir, nnd the 

llb-aOiptlon 111 tluMl {UpK'Mlls SolutlOIlS sllOW I'll.J I .K 1 cl l^t IT .ibsoipliou 

]):iiifls Tli(' follow 111” i‘«|iii\alcnl ( oiidiictiN it y ilctcnmiiations (A), clli‘( led iib 
2.’’), .show that the b.dtx .iie deimd lioiii a l.iiily .stioii;.! lii.ieid haso(r = 
dilution 111 lilies [K‘i Loaiii iM|ni\.ilent) ' 


xdn, 

V 

21) 2S 

.hs ,■)() 

117 12 

2;i 1 2 1 

ii;s IS 

!); 3 i; !)() 


X-- 

lO.lO 

110 0 

I 1 SS-) 

121 1 

12S 7 

i;{:i 1 

Xd.(S(),), 

1 

17 

(w; 1 ) 1 

i :5 i .ss 

2(17 7() 

.h.lh 7)1 

1071 01 


A 

10 (11 

IS In 

17 121' 

) 1*2 2 5 

.‘^0 21 

!)h Of) 

Xd((\ll,<>_.) 

i - 

.n SI 

1)7 (;2 

l.T) 21 

270 l.s 

hlO !)() 

losl !)‘2 


‘ A - 

12 1 1 

hi) _‘S 

hS 

07 111* 

7i‘* si 

si; so 


Thermochemistry of Neodymium. 

reeoideil - -- 


•J| NM 

-1- :’.(()) 

O 

\d 


^1 


Nd‘ 

-l-d 



’Xd' 

1 :i 

L'l 

) 

'Xd' 

+ :; 


0 

x.r 

+ :’» 



1 0(0.) 

I- ()(<),) |-S| II ,o| 

N,U'1,|-1-A,| 

NMCl <!I1„()J+ \q 
N(U,l'+ \<1 
N(1.(,S(),).| + A.| 
X(i;(S(),),r)II,()J I \(|. 
N,+7si),)'Kir.()] + A.| 
Ndci: '■ ■ ■ 

NM.o'; 


riie lollowiim iCNiills ha\e hcon 
lls 


N.r.o 


nh'ohol 
^ (IllClaq 
+ r)|[|.i.j 
^-:l[ll,so,| 
^-;UL.S0^a.{ 


Nd.();| 

\d s 
Nd(’l 
\dl.l 
\d.(Sn,) I 
Nd>S<),,..''ll,n, 

Nd( 1 i\t\ 

NdCl’a.i 
Ndl a<i 
Vd .lSO,) a<i 
\d^(S0,) .u] 

\d .i<| 

Nd(’l . Ill .lie '*olll 
2\d(da.l -hdllO 
J\dl a«| + .‘>H > 

\’cr(S(»,).ii.i fdii.o 


+ 1 ('. 
-i .'So n 
+ L'l'.i 

1 - I ">T 7 
' 

1 Mill S 
H- .;o t 
+ 7 1; 

! IS!) 

I .'?() h 

t s :>> 

\ d 7 

I 21 r> 

I I Oho 
i iOO 1 
I IJo-1 
4 lod 1 


and IIhuiooun 

Neodymium hydride, Xdll , li.i'' Imcd aln.idy ileseiihed (p 2ol). 


NrODYMlDM AM* IIIK KiIOIUNK (hlOl’l’ 


Neodymium fluoride, fn»ni .i«pieoii'. iieodMulMUi Milpluite and 

hydiolluoiie aud, i'^ depoMte'l on w.niniii^ .is .i p.de lil.w roloiii (si cnhlallino 
])()wdi'r, msohihlo in walei ‘ 

Neodymium chloride,* XiU'l — F<u the pii'pii.ili**ii and piopiiiiosof 

till* anhvdions salt, see p 2"»2 It is .i h\ 'jniJ^'-opie, loso-colouied, (■i}slallino 
mass of (leiisitv I l.'O at 2."» (Ihixtei .iinl Ohapni). 


‘ Au*lU(ll1. finnnini'il l\\U 

“ M.itiiniMii, (unijit mv! , foO, 142 , ‘27») . J/*«. (V/oa /'/o/s . 100 * 1 , 1\ in I 8, , 

1 '' 07 , |vin J, 10 , lOt , Mutlini.iini .mil Wtiss, Anmit'it 1001 331 . 1 (JXil 1 "O' 

»’r..p..\in, lOOs, 41 1)31 

^ MahKiiim, jC7i'/,100f I33,‘ift9, lOO.') 140, H)37, Aiui Uam I'Inis 190i),(\ml, 

8, -^43, Bnuiion, ibul , 1910, [\iii J, 21, 19, tf R. J A\’>cran(l Kuss, Bcr., 1902,^35, 202‘J 

VOL. IV. 
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From atiueous solution the hoxahydrato, NilGlj, GII^, ciystillisos out in 
rosO'Coloiirod, monoclimc i i\st!il.s of density 2 2S2 at Ki T)". Tim hi‘viih\dratc 
melts at 124“ One hundied paits of water dissoUe 7 jiaits at l‘r, 140 0 
jiarts at 100“ of the auhydious cliloiide, tho s«)lutioii bi'in^ in eijuililniinn 
with the hc\aliy<li.ite 'I’Ik* conL‘entrat<‘d aqueous solution (lissi>l\es iieo- 
dymiutn o\a].ite on wai nini}^, and a ojtiluchluiule eiystallises out 

when tlio solution is eoohul. 

The inonoliydi.ite, Ndt-l.^ IhA is also known (p. ‘Joly 

The anh}ilions ehloiidi* foinis tho following < oinpounds w ith (tmmoni<u the 
dissociation tenipmatuie bein;^ with e.u h loiniula — * 

NdCljML, .'iGO'C. XdCl.sNll, 70“ G. 

>;d('r,2Mlj HhV Kdt:i3llNll, 21)’ 

Nd(^r IMl. 157“ NdCljl2Nn3 -UV 

NdClaDNir' 117“ 

Neodymium oxychloride, XdO(^4, has been inepmetl (]) 255) 

Neodymium bromide, Xd 1)1. resembles the ehlonde Seep 255 

Neodymium iodide, Xdl^ also lesembles tin* ehloiiili' S< i j) 255 

Neodymium bromate, N<l(lb() ), Oil/), foimspink hexaeon.il piisni*^. 
At 100’ the (lihulrate, N<l(l)iO,) 211/), and at 150 the anh\ilioiis s.dl is 
obtained, at lusher teiiqieiatuies deeom position takes place Seep 25(5. 

X'JSODYMILM AM) Tllli Ox'M.KM (llloll' 

Neodymium sesquioxide, oi neodymia, X'd/)., iim\ b.* pi(‘]»aie(l by 

Igniting' the huli-ixub*, e.u bon.ile, inti.iti', oxal.ilc', ete Tin* oxide obtained 
by ijjfniting tho oxalate stiongly has a jiiire sky blin* coloiii It dissolves 
readily in acids 

As H’g.uds the existence' of hii:h(*r o\id(*s of n(*o<l\ nnuin, the ovulenee is 
coiidieliiig. Auer x’on Wi'lsbaeh, .loin*s, and 11 .1 Me\(*i and Kos'- di'ny that 
a higher oxide may bo jireparefl in tin* diy way* but M.ue maintains that 
neodymi.i may b(' peioxidis«*d in tin* jik'smu'OoI (enum and piii''(*od\ mmm 
'W.ie^^ner also allinns tin* existence of a higln*! oxidi*, X'djO;, and I'xeii (l(*seiibeH 
its rellection spectrum, but Jo\e and (lainier liaxo shown that tln^ sjx't'lnmi 
it duo to a hyli.ited oxide, Nbi./)j II/) lb aimer stati's (without .in\ details) 
that the oxides Nd,0, and X51 ,Or, both exist, lly the lattei lhauner piesum- 
ably means a hyiliatetl peioxide, Xd/),^ jII /) or(Oin,X<l'“ O OH, eoiiespond- 
ing to the known lanthanum and piaseodMuium peioxides The same 
anthoiity also mentions the exi.stenee of an acetate of the constitution 
(Oil . GO).,\d'" 0.0 0 Nd"‘(011)(('0 ClI J + If.p, analogous to tho piaseo- 
dymiuni eomjiound.^ 

Neodymium hydroxide. Nd(OH).,, is obt.'unod as a blue preeijutato 
when an .ilk. ill hvdruxido is added in excess to a solid ion of a in*i)(l\ niium 
salt When diied at .'500’ it leaxes the Indi.ite 2NM/ ) , .‘HI/) , this, when 
lieatcd to 525", is conxi'iteil into the hxdi.ite X51./) . II/.) ; and the l.ittcr 
at a blight red heat is conveited into iieM<l\mia * 

^ Matigijon and Ti'.i'iinoy, Compt icml , lilOU, 142, 104*2. 

2 Jones, Jtmer ('hem J , 20, aif), Meyei .in«I Koss lier.^ 190*2, 35, 3710, Marc, 

Bcr,, 190*2, 35. 2370, Waignei, ZaWh annj,f Chrm., 1004, 42, 118, .I«i\e and (Jarnier, 
Compt rend, 191*2, 154, 510, Ju^c, Anh Sti ?)/iys. nnf , 1913, [iv ], 36, 41; Draunci, 
Proc. Chem. Sue , 1898, 14, 72, 19ol, 17, bfi, Zeitsch. anpuj. Chem , 190*2, 32, 1 

* Joyp and Gamier, Compt icnd., 191*2, 154 , 610, Juye, AiJt. Sa phys. nat., 1913, 
[iv.], 3 ^ 41. ^ 
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Neodymium sulphide, the ami inopurlJi's of wlndi 

liaN(* (Ilm iibcd (p -'’>!)), an oli\f iii<rn jiduili'i of 5 179 at 

11° (Mulliiii.mn .nifl SLul/(‘l) 

Neodymium sulphate, - I-'.)! pn'paialion and i;i‘M(.'iiil 

])io|ii‘i 1 1 ('^, -t < ]' -()H 'I'll*' onl\ IimIi.iIo know m ' m tin’ iiioiio* Imi* ' octa- 

ii\diati‘, Nd .(>*( ),)j SllJk ibo MiluLdit\ of wlin'ii, in i^iains of anliylions 
siilplialc pi’i lUi) giains ol \\aU*i, m a-- lollows 

Ti'iiip. ■'(1 ()■ Itr .it) 50 sn li)(i 

(iiains of Xd , (St ),)j ^5 7*1 1 lit) d7 J J.> 

I’oi ami '.ff'/** sll]j»llal<‘'^. \di ll^t),) ami Nd.tLSt) icvpi i ti\cl\ ^ sco 
p 2511 ^tti,hinntnitit\nnn-^nlj>h‘ft<, \'l iSt ) j j ( S ^>1 )^ .) 1 1 t ), loi in'. Ia\ i luU'i - 
blue C'i \htal'' ' 

Neodymium molybdate, \d.<Mot).) - >•* p jiPi 

Neodymium tungstate, \<1 .i \\ t),) , ami * <iinpl<'\ tnni' laii-^ Imm’ Ixm 
meiilioni'd ([> 2(;.5) 

Neodymium silicotungstate, Xd,t\\ - s**' p. lM)!; 

Neodymium uraiiate, Nd^( Isll .<), olii.nmtl a^ a y'llow, 
cryhl.illinu hulid 1)\ Imatino imoihiiiiniu li\dio'n'i(‘ with .iipitoim iiianU 
acetal c ’’ 

Nion^MiiM \M» nil Xiimn.iN tiinu' 

Neodymium nitride, Nd\, lias iman di'scnlu'*! tp Jtif; 

Neodymium nitrate, N*l(Nt),)j OlLo \ ' i(iiiai*il solnimn of tlii.s 
halt 111 water <it 2.J lonlaiim 152 1) ol anli\di*)n^ iiiliale p» i l<'t> Lti.niis 

of walei '■ NeodMiiium iiili.il • is i''odiiiioi plums wnh liiaimili hiliile (s(‘(> 
]) J!h. Tim doiiMr ^al(s Xd(Nt)j.2iMI.;\t) lll,t),- Xd.M'j JlIbNt), 

1 1 1 ,0,^' and the double ^alls of the l \ p*‘ 2\<1( Nt > ) , .‘)M(N<) 2111 t ) .m known 

(.M’O [) L^ISj 

Ni'-oni Mil vf \M> nil. (’vimoN (Oton*. 

Neodymium carbide, Xd(\ III' be* II d( MMib. il (p 27t); 

Neodymium carbonate, Nd.tt t).». /Il.n, b.m not la-m anidxsed Tlie 
follow in^ double .'<alts aie kmiw 11 , 

X d .(COj) . K ..t ‘t I IJ 1 1 .( ) 2 \ .1 ,( rt ) , ) . . ; N a ^ J 2 1 1 ,t ) 

i\dXC0,)"{MI,M’‘>, 

Neodymium ethylsulphate, Xd((’ II . SO,) !)ll t), has b.'i n di'Hibed 
(p 27s i 

Neodymium acetylacetonate, NdtOll ^.f'o ('II t'o (’ll j , ba.s ako 
bi*en dec'll ibid (p 27‘.)) 

Neodymium oxalate, Xd,i(’.0,), lOll/k is obtained b\ double de*'oui- 
pnsition as a p.de iohe-iu<l ci \ 'lalliim powdei l'’oi it'. 'oliibili(\ iii wabi and 

' (^?n/ i'him. Uh.' ,ltni7,[\in | lO, llo) tm-nlmii', tin- * xisIimk *■ <.f .i i>i ala- 

liyliili, Xd/SOp. I’dip. I'Wt il'H'i'**! <1imii1h ils |in'iiu.ili'in 

' Ki Ills, /cil'»li Ki ihf Mm , ! 0 'il, 3 /j, ‘.J07 , Dul'i, C7i'./i Ze, li., 1 . 11)2 • 

’ Mill liniaiiii and H"liu. l!>i , I)''.'.*' 31 171.‘' 

‘ I ! iskfi \ illi* and Hiilkiiul J Amm ^'hnn Si.< .11)01,26,/! 

Dil.itl, rhnii ZU , ll‘t>7, 31 , nil) 

*' .l.iiiics {iinl Rolniisoii, y .t/ii’j ( fo in iS'e* , 35- ^51 

' AiU'i M)ii Wi'lsliacli, Moii'its/i^, 18b 6 , 177. 

.laiitscli and Wi^fdoiow, Zeifs/h niunu Chnn , li'll, 69 , '2.il. 

• 11 J. Meyci, Zeihih. luwig. Chem., 1901, 41 , 97 , Vju p 271. 
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iiL'ids, fs(3C p 273 Accoidini; to ;ind Robinson d tlie only stiiblo hydiiilo 

in conl.icL with watoi oi .uineous luodynninn nitiatc at 2.”) luis the (.oin- 
position Nd ,(('.,0^)3 1 1 II ,0 Tlic ox.il.ite dissolves pL‘rccptibl\ in .upu'oii.s 
neodynmnn nitiate, and nndoi <‘('itain conditions imuh/miutn nKtlondialt- 
Ndo((\0,)i- lNd(N(),), ■» 11^^ 01 pcibaps Nd./dA),), r)Xd(\0.)j is pr«)- 

diK cd Tlio solubdity cni\c lor a ti'injiciatnie of 25 ' is shown in fi;; 10 
The o\.datc also dissoUcs in an aijiicoiis solution of tin* chloude, and a 
MOih/iiwnin tn nJtH'hh)) ah' exists 



Fio *10 Till svvtriu Nil -Xil(NO \ — lIj<)at‘J5 S-'lnluhly ilniri.uM 

Neodymium salts of organic acids.— The lollowniu s.iUs h.uchcLMi 

dosi'iilicd 

X<‘iidMiiunii ((('I ff(U (I tfj i/t'olhitt rin'o,! ulnh dnia’dit/f- 

dlit/l, /oo/o//, and t'^ohnt i/( •<ul nifffannf)i- 
f (htuii ijinnith'd tnamhih d i>hi t hth 

m-ndiolxn rm /ulthi o//i(il/ni.nu’'>iil/>lnna(f< jf 'firlthiX/Un fiasid- 

f)h(>nnf< \ 1 2 ht<)na»n(ntf/n, I \ o \ nichf.i i/ft m sn/pfauiiifr,^ 

in~vt/ph<tf>i n 'iifft,' su/jJion<ded ^ ht/ili 0,1 t/naifhffi'th iir i-i^Kl/ilitniofr ' 

SAMARIUM 

Ssiiihol, Srii Al'iiiiic \M i^lil IfiO 

Saiiiaiuiiii is one of tiie less i-onnnoii of the laiv eaitli elemenls, heinii on 
tin' one hand much less ahundaiit th.in the other elements ol ihi' eeiiiim 
f^ioiip, and on the othei hand much moie ahiiiid.int than enio])Uiin, tcrhiniii, 
and thulnini It is about as plentiful as gadolimuni 

* Jiinir'' iuid ItnhnisDn J Anui f'ht'ni Sur , 1913, 35' 

“ lhatl .iiid hums, Ai/iCi C/n’m Soi , 1911, 33 , 1330, 

‘ .l.niu's, lltilii-ii, .uid IlohiiisDii, {hill . 1912, 34 , 27*». 

* W liitli’iiion' ami .Ijimi-s, ihtd , 1913, 35, 127 

Kilt/ iukI .hum ihtf/., 1913, 35 , S72 

•' Mui^mii ami Iiiiims, ihid , 1911,36. 10 
, ■ Eidinaini ami Wiilh, Anii'/hn, 190s 361, T*0 

I hihiiliri;,', dv’/J fiii'inf 07/»’//i , l'»07, 53 

* JaiiNih ami (liiiukniiit ilml , 1913, 79 

Aiinstiiiiig and Ilodd, l*ioi /!»y So'., 1912 A. 87 •i'M 

” I’todd. ibid . 19 ir; A, 89, 29'2 

T\\o symbols iiii' 111 coiiimoii usi* foi sainaiium, m/ , Sm ami Sa In this book tli*' 
foniU'i has been adojiled, since it is llie symbol that was iissij;ind to the element b} its 
diseoveici, Lecoq do boisbaudiaii/ 
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The oci’iiiR'iico, lii^ldiy, .itoiiiK' wrmlit, :niil honiDiii'iicily of 

aam.inuio h.iM' hen-n m ('h.ipt**!'^ \ and \l 

Viiothei iiu'lluiil ioi llu' srpaial ion of siinaimni Ikmm 1 intliainim, prasco- 
d\ innnn, ami n(‘o(l_Mnnini may «'onM'nicnll\ lx montioiud lictc, its I Imon'tit'Jil 
\alii(‘ lias hcon [lointcil out li\ Matiumm and <'a/cs,' Inil its piai lical \ahii5 
douh not appc.ii to ha\i* Ix'on doha nnmsl 'I'lio mixed oxides in- loiisi'ilcil 
into till' mixi'd anhxdioiis cldoiidos l»\ lln* molliod <»f lloiiiion oi sdiin' otlii'r 
suit.ihU' [inx'css (p ‘JoJ), ami luah'd to Hxlm -s m a '•Ihmiii ol di\ li\ dio^^fii 
'I’lu' s.imai mm is thus (‘«hi\«iIm 1 into tin* lown ehloiido S|,i( '| ^ wlmh may 
l)L‘ isolated I’lom tin- mixtuM* l>\ '‘xliattiim the' «>1h«‘i rhioiidi-' witli aliolu)! 
If, on the ollii'i Innd, tin* mi\» d i hll•lld^••^ au‘ di''''Mlx> d m a lau-o ipi mill \ of 
\Nat('i, about one thud of tln' ''amannm m palal^'^ .is hxdioxulc ami lln w islioel 
pii’ci[nl. lie may he flex'd fidiii Mn.all epi.antilie-s of e»x\ e Ideei nh". h\ ili- .e)l\ iiu; 
it in e.;e)lel, elilllt<‘ ll \ ell ochlolle- .K lel, ill whle h the* (»x\i hle>l ale's .lie* lii'^oluhli* 
Samarium ’ Is .1 \ fllow metal e»l ehnsitx 7 T-7 -S ll 's as liiid .Is sli‘e*l 
ami melts .it 1 100“ 'I’ln* me*lal ipm kK t.ii iii-'ln s in I In* .ni 


COMPOI XDS or SVMMIII M 


The m.i|ea il \ of the* kmiwn e*eem[)e)unds of s.im.i) iiim .iie* salt ^ de-i i \ .-el 1 1 eno tlm 
hasie eixale* .^m ,0 . 'I'he'V ,iii* p.de* \ e*llo\x in e eileiin aiiel the* .ih'^eii pi loll sj)c( li.i 
ol then .setlul leins exhihit e*h,u.u*le*i ist le* ]»amls ni the* hi m* ami \ lolei Twei e*e im- 
pounds of the* I \ j)e‘ ^m\ „ he)\\e*\e*l, aie* kmiWll, \ l/ , the* e Idol nk .unl lenllele* 
The* e*t|Ui\al<*iit e'emdiie tl\ itle's ^\) of sain. ilium e'hleuiele* ami siilph.ito 
seiliitioiis at imlie*ate‘ that tin* s.dls .iie* ile*ii\i*el fiom .i l.iiiU stion;^ 

liiae lel li.i^e* (a liti c‘s ja*i ui am-< epiiN ale*nt ) - ‘ 


Sint 1 

}' .IJ oO 

i>r) IS 

i;;() 

iho 7J 

.7JI II 

lOlJ ') 


A H»7 J 

1 1 j 7 

IJo s 

1 Jt) 1 

i;;i ;i 

1.17 «) 

S.1 ,('-(),) 

r .»l 1)7 

ilJ 7t) 

13.7 to 

Lh7t) Si) 

.701 f'd) 

1(10 1 L> 


A ‘II 17 

l.I 10 

.71 rd) 

hi III) 

7- 7<I 

S'.l 1> 


The* e*e)mpe)iinds eif s.iiii.iiium h.ivi* he'en ele*se*nl)e*d mainl_\ h\ ( le \(*, wlni'-e* 
samail.l W.IS e ont<imin.lte*el with .l little* e llieepl.i ' 

Thermochemistry of Samarium, 'rin* follownur omiIi. Imno he(>n 

ohtame el — ’ 


ami 


'■^m.O. 
Sin ,0, 
Sint '1 . 


+ 01 It 'l.i'i 
-ftMllCl) 

I- .‘11 11 .SO, 


Sm.(SO,),| -I- Ae| 


-Nmt’l .11 [ -f :ill .O 

-*lSi„(’l.| |-,l|ll.'0| 

■ |Sm (SO,)J |-.l|ll 0 | 

.Slut 'l .ll] 

Sm (“^t ),) .I'j 


.Sml‘l,,NII,l 
Sm('l,,2\H . 
;Smt'i:,;iMl, 
SmC’l „ IN lly 


- 11^1)7 0.11-, 

- I .‘{7 1 , 

1 ."iJ „ 

-■hO'iI) „ 


■Mnt’l.,r.Ml 1 

SmtM ',SNU:| 
Smt '1 ,0 ‘iN 1 1 I 
Suit ’i'll r,M|,| 


I I is I 
tills 
1 :i7 I „ 

I .‘IS s „ 

I 7S0t'.ils 
l-llll> 
-l-l-itlt* ., 

I-11.">0 „ 


* M.itie'iioii anel C.i/e*s, .//Ol f’l" H rii'f'i , Ifax'i, [mu ], lo l‘J1 
’ Miitlirii.inii einel Wfi— .In le/A/i, 11*01, 331, 1 , sc»‘ pji ‘jj»i ‘J ,0 * 

^ Aufieclit, Jnitinfuntl Jhs 1 tlut'im (l’e*ilni, 19ul), lle*3tiwi ill* i, />iisih iilnisil il. 
Chun , 191.'*, 89, L’.si 

^ ('le\i*, i'heni IS.***', 53i ’■*)• *1^’ . '*•’•' *^1''" t'.li*\e*, foini'f tiinl , 97* ‘O 1 

Jinll Sn< t/o//) , fn 1 43 16.i ,n A. a s, l.'l'O, 48, 9 7t 51 li:»; 

Tiont f'htm Sm , 43, 3ilJ Snn'sbi Vet -Alml J'l'ihumH , 40, Nd 7. 

^ Muligiiuii, Ci'iiijit II Hit , ll'O**, 142, liJG , Ann i\^nn I'hys , 19'i0, [\ni ], 8, lOJ 
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SaMVUUJM AVI) TIIK Fl L’OHINE (JllOLT. 


Samarium fluoride, SmF., IloO, Hi ohumu'd by <loiiblo (h-compo.siLio!i 
(('levc) 

Samarium chloride,' Siii(’I , voiy pah' yellow, liyLO()S(‘opic,L‘i\stnlliiiL‘ 
solid \\ Inch (hirkena lio.itfd .md inc'lts to a blown licpud For its jirc- 

pfiration iind propel tics, see ]> L>r)2 

From :n]ue()iis solution the li(‘\.di\dr.ilo, Sm('l till .(>, sepai.ilc^ in lai|^(‘, 
yellow t.iblcU of densil\ .'IS.') (('lr\(‘) 'I'h<‘ nionoliN di ale, SniCl_ II/), is 

also known (p S»tnnf> nna itm n'Jiln) hh ^ Snit’l, AuCI 1011,0, ci \ "lalli^es 

111 orange piisnis , the chhnniilnfiiMte has the formul.i ‘JlSmOl.. VtCl,VJllI/> 

Anhydious samarium (blonde absoibs ammonia ^rin* follow mir eom- 
pounds ai(' known, their (lisMicaation piessuies beni^ 700 mm. at the tempeia 
turcs j^nen opiiosite the loimiilie. — - 


Sm(1 Ml d7.V 0 
SmCL-JNli. 2U) 

Smt'r’.'lNir’ 200' 
Sm( II , IN 1 1 _ I of)' 


SmCljoNll., lO;-)’ (I 
SmCljbNlI, 70“ 
Smt'l. I) oNil , lO' 
Sm( M 1 1 oN I i 1 0 ° 


Ouriously ('noui;h, a compound with ONII. docs not apjxMi to cMsi 

Samarium oxychloride, SmOi |„ is known (p 

Samarium subchloride, SmCl., is jiK'p.ned by stiongh h(*atin^^ 
samarium ehlonde in aeuinml ol ]mic, di\ h\(lio<r(‘n or ammoni.i It is a 
dark brown, ci \ st.dliin* solid of (icn»it\ .» t»l) .it 22’, insoluble in ,ilc(*hol, 
pyridine, caibon disulphiih*, chloioloi ni, oi bcn/iMu* It dissohcs ii'adily in 
W’ater, ^MVin^^ a daik K'ddish-brown solution 'Phe coloui slowly disai)[)eais, 
hydr(jj;<'n beini' CM)l\(*d and s.imai Him h\dio\ide pieeipilattd Th(‘ i.ipidity 
with which the colour dis,i])[)car.s is jriealU eiihann'd by sb.ikin}' the solution 
in air . — * 

(iSm(1,-4-GlI.<) ---tSmt’lj 2Snnnll) i .211, 

12Sm(’K'l Oil ,() f- :’>(), - .^Sni(’l’+ ISndOll)^ 

Samarium bromide, Smlh , Seej> Jou 'Pheh(‘\.di\di.it(',SmI>i (Jlf.,0, 
sepaiati's from .npK'ous solution in jn ism.it ic cixstals ot densit\ 2 07, ami loims 
an au) ihi nmhl( ^ Smlb \ul>i . 1011/) (('le\i') 

Samarium iodide, SmI., has been pic'inied by M.itmiion t[) 20,5) 

Samarium subiodide, SmF, h.is lieen jnei'.ned by ndiuini: the hi'cited 
tri-iodide in a i iiiient of di\ hulioi^en ‘ 

Samarium bromatc, Sm(lh(). )/)!!/) — See ji 201 ; This salt 

crystallises 111 \ellow, hcx.i^un.d piisms, is comeited into the dihuli.ite, 
Sm(nil),), 211/), at lOON the anh\dious s.dt at loO", and decom])oses at 
higher teinjiei.ituies 

Samarium iodate, Sm(I()^)^ OH/), forms a voluminous, white. .imoii)hous 
prcciiiitatc (Cleve) 

Samarium periodate, SmlO, 4II/), nia> be obl.niu'd as an amorphous 
precipitate W'hich b»*comes cr\stalliue on st.indmu (t'h'Nc) 

* Matij^iinn, , 11)02, 134 , 1308 , .<4 /iw Chim 77(//s , 1 ’ 00 , L'm 1 8 , 40J , 

lluunon, ihul , 1010, [mu ], 21 , 49 

• and Tiiii'iiiiy, Compt. nn’f , 1‘'05, 14O, 111, .tmi C/nin //o/*! , 1 OO6, [viii ], 
8, 407 

‘ Miitigiiun and Cii/cs, Comp/, lend, 1900, 142 , 83, Ann. Chun I'Jujs , 1900, [mu.], 
8, 417 
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Samarium and jiie Oxyi.en (Jiu)LI'. 

Samarium sesquioxide, samaria, in.iy !'«' i>i«‘iiaird l»y the 

of tli(‘ h\dio\i(l(‘, ( ailMiii.ilf, nitiatf, ox.ilalo, I’tc !l is an .dniost 
whiti' |)o\\d(‘i witli !i f.iiiit \(‘lIo\\ and lU dfiiMtv h S 317 It ilissolvos 

rt‘adil\ in ik ids Idu* i‘ori(‘''[KindinL: hi/ti) m'ult' is ji ^«‘l.itinoii.s jium i|iil.iti‘ that 
al).s()rl)s cailioii dio\id(‘ fmni (In' an The addilii>n ol aninionia* .il li_\dioi;eii 
|jeio\idi‘ to II soliitinii (>| a ''.nii.ii iiini s.iM (miis( s llu' pn i ipilal loii ot a 
Indiali'd Sni.O., *11,0 oi pioluhly SiikO i IF^I ) * 



In;. 41 Tl 0 ^\s•(lQ1 Siii_ so, N.i.So, - II o Sm. S»)^^ — (\ II . So, n^o 
S .hil.ilil\ <lnui nil 

Samarium sulphide, SnoS , is a v^’lhiw soIkI of densit v 3 j) - 
Samarium sulphite, Sno(M>,) IIILO, ha-, liccn ol)lain<'d hy ( levo as a 

while, ainoiphous jMiwdoi ('-ee p iMhl) 

Samarium sulphate, Smy.HI,) —For pirpaiation .md ei'iicial ])!’()- 

jioili'"^, SCI' p 3'lii‘ iiiourii lime * (Mtah\diile, Sm ,i Sn , ) S 1 1 ,0, is the 

only liyhate known The n, ,,/ SnpllSO,) , ainl llie sulfhntr, 

Sin",0 , SO , ai e known (p ‘-'hit) The folhiwin^ doiihle sidphalr> lia\e been 
descvibed by (‘le\e — 

2Sm.(.SO,).OK,Sn, ;;il O Sm,(SO,)_ (Nll,<.S(), Sllj) 

SinASO,)jN.i,SO, JII.O . 

M'lcvf, ./.oa , V'';'. [n 1, 43, r.a , , „ 

■-! Ei.liiuini iiiMnViilli Jw/mAti 361, lUO , (./ Lomi<t ; mi,/ , 1 ''1)11,131, 

lAykJ /ii'i/Vi/i AO IAS? Mn, ! ll'OO, 32, ‘250 , Duht, Chnti. '/•nh , 1902, i lf)‘2. See 
p. ‘Jill ^ 
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According to K(‘ycs and .lainos,’ tlio only double sodium and ammonium 
sulphatos lli.il (Mst* at ’Jo' lia\(‘ tln‘ foimulsp •JSm ,(S( ), ) , .‘IVa ,Sn f>| | ,() .nal 
Sm ,(S(),)j (Ml , ),S()|.711 ,0 Tlip results of then solubility nicasuiements 
are shown ^laplnc.illy in ti^ 41 

Samarium selenite.— Sodium sclcmto giM'swith samaiinm snl[)li.ile a 
preci[)itate of a basie selenite A<'n1 tHmsdniiti ,(Si‘( ) ,) 11 ,Se( \ 1 1 1 ,0, 
IS preeijatated when a<jueous solutioiiH «)f sam.immi aeilate and selcnioiis arid 
aie mixed (C'leve) 

Samarium selenate, Sni^(SeOj)^ The oetahvdmte, Sm .fSeO,), 811 ,(), 
crystallises from a<jueous solutmn at oidinaiy teinjx'ialuies lleh^w 10 , the 
dodecaliydiate, Sm (SeO,)^ 1 !ill_,< ), sep.ii.it<s m shiniiu:, piismatic eiystals 
Tho followin'^ double salts aie leadily solubl(‘ m watei (('Icm*) — 

Sm,,{Se 0 j )3 K,Se()^ OII .O Sni_,(Se(),)^ ( M I ,),SeOj 611 ,() 

Samarium chromate. Pota''Sium diehromate ^i\es no ])ie( ipitate with 
samaiiuin iiitMti', but polassium (‘hiomati' }^i\es a vellow, ei \ slalline pie 
cipit.ite of mnuumin ihmmalf, Sm./Cht)^),, K„('i(), (ill .() (('l('\e) 

Samarium molybdate, Sm^(Mo(),) , loims small, lustious iMsiaU of 
density a[)})iovimat(‘ly 5 95 The SmNaf MoOj., has also beiui 

niade((Me\e) 

Samarium tungstate. — The mtfafuut/stnfr, Smjw ,0, ). .‘loll ,(), foims 
readily soluble, topa/.-V(‘llow ei\st<ds of densiiv 5 991 A swuin/t i^ttuxunm 
tmujMxto is also known (see j> *J65) 

Samarium silicotungstate, Sm,(U i^Sio,,^) — See [> ‘JOO. 

SvMvmuM AM) lun NiiiaxjiA (Jnoi i> 

Samarium nitride. Sic p 267 

Samarium nitrate, Sm(N() ), 611 .(), enstalbses m e\tH'mel\ » olnbh^, 
yidlow needles, na'lliiii^ at 7«^ 79 (CleM*) 'I’ln' double salts aie deseiibed 
on [) 268 - 

Samarium orthophosphate, SmPo^, is obiamecl m Hk* ci\sta]lino 
foim by fusiiif^ sodium metaphosjdi.ite with saniaiia, .illowinu to (‘ 0 (» 1 , and 
o\tiactin<>; the mass with watei It is a ci\stalline powdei of (hsisilv 5 85 
at 17 5", insoluble' in wate'i ((M(‘\e) 

Samarium hydrogen pyrophosphate, JSmlll’.o^ Tll .o. may la* 

prep, lied liy addiiijj; sam.uimu h\ dioxide to .epieous j)\ lophosphoi le aeid 
(C5e\e) The comjiound Sm,0^ 5I’,0. is also known 

Samarium vanadates^ Two hydiates of the s.dt Sm^O, oV^O. h.i\e 
been pie])an'<l b\ (Me\e, namel\, leij ei\stal.s of Sm,() 5\ ,0/2811 ,0 ainl 
yellow cryst.ils ol Sm/)^ 5\ jO./J I I/O 

SxMAUIUM AND TUB (k\UnON (JllOUP 

Samarium carbide, SmCb, has been desenbed (p 270) 

Samarium carbonate, Sin,((nb), 511.0, loses IJl.o at loo" The 
foll/)W’ing double salts are known (Clevo) — 

Sin ,{( 'O , ) ^ K ,0( >, 1 2 1 b.O Sm .( ( ’( )/, ( N 11 , ) ,( '(), 1 1 1 .() 

Sn^((’0.),>;aA'0., Ibllp 


* Keyos mid Jainrs, J. Amer. Chem Hoc., 1914, 36 634. 
® Si'f also l)i'niai\’a;^ Compt. rend.^ 1900 130, Oi)!* 
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Samarium platiiiocyanicle, 2Sni(('\ \ :)l’i((’NL ISH.o, m 

yrllow prisms liaMiiji ii liliie p ‘ 27 J) 

Samarium thiocyanate, Sm(('\S) iJIf.O, foims ])iisiM.itii’ crvst.ils 
ear'll}’ soliililt* 111 wati'i 'IMn* tlnnUt stiff, Siiid'N.^) 
known 

Samarium ethylsulphate, Snui’ II ,o, li.iv, 1 m>mi <l("«, ni,o(l 


(p 278 ) 

Samarium acetylacetonate, SimCll , (’<n'll (io ('ll ,) , Ins .iKo lu-en 
flo"! riLcd (]' J7!l) 

Samarium oxalate, Sni ((’.(>|). I(MI j), is dlit.iiiud .i> a m-IIdw, cin^- 

talliiiL* pii ( ipit.itc 1>\ .iddiiii: .1 siiliitmn of o\.dii* .u*id (o (ino ot .i v.im.ti mni ‘'alt 
Foi it> snliiliililN 111 w.ih‘1 .ind .Kid", ‘'KO |) J«.‘» Winn pol .i-'"iiiiii oxalate 
IS MM d as [11 1'l ipiiaiit , ^ a/// ?'/// Siii ,(( \(l|), lx ,( .(>| dl.O, 

is olitaim'd (( 'lr \ (') 

Samarium salts of organic acids. — The lollowmj^ '-.dis lia\<' iteen 

deseiilMil 

S. 111). 11 mill ^tii/ihiff,^ fii'ftifi ’2 /‘I 'i/’i<>ii'ift',^ fhn«i< <il i/f <>lf'if< siii'ciii 

tl/l,' r,fl'lfl 2 f'tlfl(lf>,' lIKlfoil'lft J rifi<ti nifift ifuni flil/f/'fins/Ji>tff 2 ' 
t'tU'otf nhift ‘ f fhiil<il i,iitlltilt no ffti/f''Uff‘fi>>ii'if' ‘ t ihijIsiilfhnH'it’ iixifx/l 

^uf I'hun'ili ijisiil fiftini'ift iiK fli>nit fi xitf/>fi>>it'if' t thtun <! ''-nf i>fif>n<ift' ‘ 

ji/ti Util /, tin fii/i tn infii>^>iii'ii‘'-iif/‘fi'>ii'iff‘,^ /' <fif>ii>iiiof)t n t ik '' nf/ifrunitf 

1 1 '2 ft/oni'tiitfioftt H ' n<xi//i/,'>n'ift I .‘5 \nitftiir/tihsuf/>/i</iitif<y'nnni>/i(n- 

^ * and !n,il xo hii<ii'lilh<ilt ii> I siifjifittiiafr • 


SwiMMI'M \M» r><»UoN. 

Samarium orthoborate, Smlio,, piodueed win n sanniM is disMiUeil 
111 inolleii bni.ix iit .1 white hi.il ll t i \ "l.dh"<'^ ni \. i\ thin inn 1. 1 oll^ ^e dcs, 
wlinli ftiay h(‘ exti.nl'sl lioin (I'f ni.'"N .illm loolnie, h\ i.inlnl 1 1 1 .i 1 iiieiit 
with cold, dilute h\dioehli»ln .wid M'lc\e) 

Samarium metaborate, simHoj,, lM^ hi-en di '< iih«d ip 2 ‘' 2 } 

I cirM I Ji>, I \> ■ 53 ■>" 

“ 1*1 lit •nnl 1 11)11 " f liH'i < it' in So I 

’ .l.niii’', Ih'lnii .111*1 K"hni'*»ii i^'iif , I IM i 34 
' W lull* iiifU* 111*1 I im* J 5 IJi 

K ll.' .ii'il I Hill", ill <! , 35 '' 7 - 

' Miii'^in ni*l I I'm ifii'l l^ni, 36 !'• 

MM.liniini iii.l W mil, Lntiiltn l',i'i‘'3r)l f'D 
Hi)linl*ii" «/*.</'/ »/*'//! l'"»; 53 s: 

** J.iiiN* 1) .11 *1 I ■! ml Mill <l‘i ' I'M » 79 ""e 
Aiiii'>li*'ii*' 0*1 K"*!*! /'r"i /i'*" Sot 1'M.i 87 , -'M 



CIT\PTKH XIII. 


THE RARE EARTH ELEMENTS (rontniual). 

THE TERBIUM GROUP. 

The i.u'o c.utli (‘Icmonts in this ^^loup .iie only throo in niitnlier, 

ii:inK*l\, t‘iii(»j)iuiii, j;.i<l(iliMiniii, ;iii<l t(‘ilmini Kninpiiiin anil terlnnin iiio 
iiuo in ( nmp.ii iM)n uitli i^a'lnliniiiiii, iIm‘ 11’ not ono of tin' ini'sl iibiiiKl.int of 
tho i.iHi L\u ( li clonuMits 

By ulili'iiiii; hisimilh as a s(•p.llatln^ (‘l»*iiiont it is p()^sll)lc to eHi'rt a 
ipKintilalivo s(‘p.uMlion of llu* ('oiinin and tcilnuin groups by the cryhlallisa- 
tion of tlic (hnibh' iiia;;ncMiiin nili,it«‘s \t tluj same tiiiio a \eiy j^ootl 
sepal, ilion of cnrojmim .iml eailolinmm is oblauu'il M'he mo'>.l i.ipid mi'tliod 
for eliminatini' teilnum fiom ‘i.idoliimim ciiiisisls in li.ietion.illy i‘i wL.dlisin^ 
tho liromates A snmmaiy of tin' x.iiions pio«*csM's foi tlie sepai.ilion of 
tho t('il)nnii ^loup is i^iveii in (’liajitei \l 

Pew eompoiin(U ol cuiopinm .ind teilmiin liave been deseiiborl. 

EUROPIUM. 

Symbol, Kii. Atoime lohl, 1.V2 0 (O-liP, 

hhiiuj)iuni (Z,, Z,', and S, ) is oiio of the hsist ahnndant of the laie 
eaith element^ Mona/ate sand eonl.iiiis about OODJ [xn* ci'iit of iMiiopi.id 
Europium has Iteen deteeteil speetMiM‘ 0 ])ie.illy in liu' ehiomosplieio ol the 
sun and in llie sl.iis d-Boolis and /^-( iemnioi urn - 

Europiiiin eompoinifK aie palo pink in C(»lmir. l'jiio])ia w.is i''olated 
by Denial e.iy, ,111(1 pie[),ned in a si,ilo of pniitv b\ ribaiii .iml Lacumhe in 
1901. Siil>si>ipiciillv it has lu-eii j>i(*p,iie(l by .l.imes and Uobiiison ‘ The 
methods eni])lo\ed h,i\e Ihs-ii ,ili(M(j\ (leseiilx'd ((> Tl.'') 

Europium chloride, KnCl , h.is liecu pn*paied by 1)01111011 (]) JoJ) 
Europous chloride, lOul’I., is piep,iied l>y IkmIhi^ tlie anh\ (Irons 
tncliloiiile to 100' loO' m ,i cm lent of diy hydroiren It is ,i colouih'ss, 
amorphous solid, which (llS'^ol^es in cold w'atei, foimiiig .i iieutMl solution 
Tho aipieous solution oxidises on boilimr - * 

I l^hait 'I , + .‘i( ) , + t)I LO — XEut ’1 . + 4 EufOl 1) . 

^ Urbaiii ( 111(1 Laciimbe, Compt. rnul , 1904, 138 , G27. 

“ Lunt, 7^0 . y^oi/. *S'or., 1907, A, 79, I15*. 

“ Dcnui\ay, f'umj'f rnul , 190(), 130 , lOT*, 1 1 G 9 , 1901, 132 , 14'’!, Uib.im and 
Lacnmbi', //m/, 11'0 5, 137 , 7'»2 , 1901, 138 , 81, G‘J7 , J Hum ;/,,.< 1 ' i)t,. 4 31, Ki.', ; 

Jaiiiob and llobinsoii, J. Ama , Chem. Sm , lOU, 33 , 13t)3. Soi* alsu StuldaiL iiiid Hill, 
ibuL, 1911, 33 , 1076 

* Uibaiii and Bounun, Cbm/// i/nd 1911 153 ll5.'i 
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Europium sesquioxide, <'r curopia, piodiKU'd by iL'mtmg the 
oxalate or siilpliate, is a pale pink [lowdi'i 

Europium sulphate, Ku , is nblamcd b\ he.ilmi: llie ni-l.diulrato, 
Eii,(S()j) (o .‘)7r) It i'N I niiipli'ti'lv disM)ni| »ns«’d al 1 lil)() ’ 

Europium ethylsulphate, Kn(<Ml, so,) ')ii ,0, b.i*, bem d.s.iilxsl 
(p 

Other organic salts.- Tbe lounnU^' pt/in,nit<nf,^ m mtio- 

henznit’suf ainl 1 [ 2 ^‘n>ninnihn/>i h nn ' li:i\o bcL'ii 

pro]).ii('tl 

GADOLINIUM 

'>VMilu»l, <id \linnii MUijlit. 1.”'7 i(<) "I'p 

(l.idolinuiM (Vf ‘^nd Mi'humiii) is, liki* ''.inianum, nutlii'i mif dI 1 lie most 
nor one dl' llic b'-i'-l tbimd ml ol th(‘ i.in' r.iilb • li inisils It loiins ii 
eoloui ()\idi‘ and .i viii' nl jokniib's '..dis, wbnb ( \lidiil no silcflne 
absoiplion ill tli<‘ if-i'iiii ot tin* spretinm, Imt >lio\\ an nil i.i\ lolel 

.ibhoi ption spcciMini liadi'Iin'.i w.is duid'tb'S oni <»l lli<‘ main '‘onstilnenls 
of llu' “b'llii.i" obtained bv (he lailni \\ork» is in tlie lieM o| laie earlb 
( bc*niisli \ 

Suite ^adoliiinini w is diseoMiid by Miiijrnae and evainiiu'd 1)\ Lecoij d(‘ 
UoisbaudMii, tbe iMil (I ion of pine tradolinia lias 1 mm n si n<lied li\ I'Milendoil, 
lleiK'dieks, DeiiiaieaN, M ne, and b^ I ibaiiiaiid Lacoinbi' ’ 

Till s.dts ol i^adolinnim hive Ihm*" deseiibeil nunilv by lleneilielvs ■' 
Gadolinium fluoride, < id !•’ , j>H'paied fiomatpieons i: nloliiiiiim siil[)baLe 
and livbolliioiii* «n id, is .i coloinless, trelatmous pieiipilale \\liiib becomcH 
^laiml.ii will'll wai nil d " 

Gadolinium chloride, (Mt'l, is a wlnle, b\irio''<’'>p*‘‘ <’M^talline n iss 

(p It foi ins a be\ di\t|ia(e, (Jd( '1 III I ,( ), ol densit \ ‘J IJ (finloliiuKUt 

((uni'/ifiimle, (MCI, \nl I Hdl.lt, UN^tallisi ■. in \ellow Lillies ol speeilic 
^i.iNilv -71 (uiifol mm nt y'/n^/a/cZ/A'/ n/f , (M(’l , PtCI j ILIIJ), loiins oiaiif^e- 
led ei Nstals of dentil s - 7-* 

Gadolinium oxychloride, CdnCl, has been piejiaie.! (p 2 >')) 
Gadolinium bromide, iMlb , is known (]> and .iKo tin' Ik'mi- 

li\diaii , I Mill 1)1 1 ,1 k w bii b I I N.sl.illi'i s ni ilioinbie tabh ^ ol di n^il \ J S 1 

Gadolinium oxide, oi gadolinia, cM.n , i-, a white powdi i of density 

7 107 at Ink It l^ li\^io'i opie, absMll^^ e nlion dioxitle, ami h n a'lilv solnldi* 
in aenls ^J’lii* ^ekilinons lt> 'fun nh , Ctbdll,’ ‘d^o al'^oib-N eaibon diovidi' 
lapnllv 

Gadolinium sulphide, C.l S is a liM^iosiopie, \ellnw miIhI oI density 

.‘IS. It IS slow 1 V dei oinpoNi d b\ w.itei, ipiK kl> b\ .leiih ' 

Gadolinium sulphate, (hC(S(),)j- -The oetabybate, (M.t.'^n,) S||_,0, IS 

' Ser* .lillltsi’li, f'l'iiiif itVif , I'lt I/l6, 17.‘l 
- .T.uiif*. .111(1 Kohni-tin J Jm / S c , llil'k 35, (Til 

' K.il/ iiiid .liinics, ihiif , l‘»l 35. .s7_' 

* MiiriLniie li'h S ' 1 /ihii't iii^ , l.sse, [111 1, 3 ^ ‘*1 f'fhin f'/iiiy , l^so, [\ 20, 

53.', IjC'<i<i (Ic r)''isli.ui(li in, /rn<f ^ IS'i", III, 3'U , I’lfltt ii'lni I. 1^8-1 

270,' ■■J7i) r.i’iiitl'i Itii'ini r/,# , If'O", 22 5 , Pfiiin«iM\ /- , 19(10, 

131’ ‘51.3 M.n.’ / t'^rh 'inom f'ii'in , l''Ol, 38, \1\ , I'll'iiii nel j ^'"nipf inu! , 

1901, 137,70.1 138 , HI «• ’7 , I'iImiii, C'hitj'f icud , 1901, 139, 7.fi, r.'O.'i, 140, 

.'»83 , J t'/imi thy'- , lOOn 4 ‘U, 1<>5, 3.11 

■' r.i'iipdi' ks, Alt’ r t 
l’(i])()\it'i, Jit't , 190.H. 41, 

’ Ei'lnmuii mid Wnlli, .IniuAen 19ii8 361. 190 \ 
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tiie only liydratc known, and forms inonoclmK* (■iy')tals (p -01). Tlu) 
solubility (in parts of anhydrous s.ilt per 100 <jf \\at< i) is as follow ^ -- 

0“ 10“ 11“ ‘j.r ;u r 

3-08 3 33 L> so ‘2 40 ‘2 ‘20 

'I'lio solubility in a satin. ited solution of sodinni sul|)b.LLo is siitb that at 
2 .")' C llie solution cont.iins 0 0 j^rain of anli\ (lions tradoliniiini siilpbati' per 
litie, iiiuJolniium soiliinn sui^Jiafr, (bl ,(S(),). Xa.SO^ 211 ,(), bciiu; tin' stable 
solid [)b.is(' ' The eoi respondiiii; [lot.issiuni s.dt is als«) Known (Oenedieks) 
Gadolinium acid selenite, (ld..(Se()j).JLS(*() oil ,(>, obt.nned iiom 
^adobniuni acet.ate and stdenic acid, is an ainoiplious pu‘ei[)itat(' wbieb 
becomes ei yslidlim' on sLandint; 

Gadolinium selenate, (J(b(Se(),)_, .and the oct.i- .md de.M b\di.ites aiG 
known (p 201) Tlio octabjdrato K(‘]).iMtes fiom a<pi(‘oiis solution at 100', 
the dccidiydiato at (Ik* ordinary temtiei.itiiK?. The double s.dl, 
pota'isntm (l(h(Se(),), .‘IK.SeO, III .0, is also known 

Gadolinium silicotungstate, <hl,(\V^ .SiO,„), Sim* p. 200 
Gadolinium nitrate, (ul(\( >.), Oil .( ), sep.ii.ites from aipieous solution m 
lai^% trii liuie ci \stals of density 2 33, and melts .it OT - I'bom cone(‘nti.i(('d 
iiiLiio acid the tientahydr.ite, (Jd( \( ).) oil 2 ), cr\st:dli^es out in jiiisms of 
deiisily 2'11 Of all the lan* earth niliat(‘s, this s.dt is the h'.ist soluble in 
nitiie .icid. It melts at 02 '. 

(ttulolinnuH (Viiinnuntm mhttfr, (hl(NO.). ^ 'H.th 
extiemely soluble, delKiuesi ent s.dt hor other doiibh* uili.iti's, see 
p. 20 !) 

Gadolinium vanadate, (MV.o,, 1311.0, cirsi.dlis(>s m \(‘llow, (nclinie 
prisms ol density 2 00 

Gadolinium carbonate, (ild,(Oo.), i3ll,o(?), isobt.imed by |v.''>‘'iu<,^ a 

current of carbon dioxide for a lorn; tmu* tbiouuh an a<jU<‘ous su-*pen''ioii of 
gadolinium bvdioxidi* The (IdiOlhOO ll, 0 , is aKo Known 

Gadolinium platinocyanide, ‘ 20 d(('\), :’iri( 0 \). 21 II foims ihombie 
crystals isomoi [ihous with the yttrium salt 

Gadolinium oxalate, tld .(tMli), K)ir.O, is obt.imed bv ]necipitation 
as a white*, micioci vst.illim* powd(*i It "eiMi.ites fiom comentiatLd uiliie 
acid in mono(*luue cixslals hoi its solubdity in sultihui ic leid, sei* p *273 
The de(*aliy<liate los(*s 011,0 at !()(• 

Gadolinium ethylsulphate, Od(0.ll , S(>,)/.)ll ,o See \) ‘27S. 
Gadolinium acetate, OdiCjlI.O,), Hljl), lunns soluble tnclmie 1 ivstals 
of density 1011 The malnufttf,'' ilnitt 

1 1 '1 In omonttrahcnzentniil/fhomite^'* ui-nilroltfnt pilnltlnn)- 

henze nf^anl i\W(\ }h<hln(nnoheir.tnci>uli>Iinnnh’ h.iM* .ilso Ix'cii described. 
Gadolinium metaborate, Od(H()d., has been described (p 2S2) 


' IJissi'l 1111(1 , 1 iiini*'., / Amn r7/r//(, AV;.., 191 i>, 38, .s 73 

“ , /(((• <il , \()ii b.iii^ and ll.ulinjici, Annulm, 1907, 351 , l.'iO Si'f* p *-08. 

“* Rimic(1i('i\.s, /iits>}i ifiionf Chrm , 1900 22, 39 5. 

'> Ilolmb.-ij', ,l.„l 1907, 53 , R‘i 

J.iiit^ch .111(1 (IiiiiiKi.iut, ihvi , 1913 . 79, 'jO.'i 
Euhii.iiin !iii(l Wwtli, Aiiiitihn, 190 .S, 361, r'U 
" Aim^lmii:' and Iludd. I’hh' Huh. So< , 191 * 2 , A, 87, ‘204. 

H.mM, //-((/ , 1913, A, 89 , J92 ‘ 

® K.it/ .Old .Kiiiu J hnfr i'htni Soi , 1913, 35 , 87*2 
Moigaii and Janius, ibid , 191/J, 36, 10 . 
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TERBIUM 

S\mIol, II). Att)iniL“ Ainnht Id) 

'h'llimiii (Z,, Z,, r, iniiiiiiii, and iin (i^nihiin). imlw illi'-l.iiidniLf thi‘ f.ict 
lli.it its cxisti'iici' was loH'tiild liy Miis.iii'ln in In lit, oiu* nf tin' least 
aliiniilanl of tlie laie eailh i li'iiienls Its eniimis hi'^lon. .nid .dso the 
])loeessrs |i\ ^\llllll pwie teilna ni,i\ In' isol ited, liaM* lieen alie.id\ Linen 
in (’li.i})leis \ and XI The inep.iialion of |)im‘ ti iln.i w.is tijsl .lei oiniilislipd 
hyUrhaini 

Teihia IS white and the s.dls nt teihnnn .iie (ohmileNS 'I’he most 
inteiestin^ (omponnd ni leihmin is ilie peiDsidi' (hd\ .i lew teihiimi 
coni]hjnnds ha\e hecn desmhed - 

rerbium chloride, ThCl , pn pm d h\ rinmmntji (1\ talhses in 

eoloiiiless intilles whiili melt to .i eohiiiiless Ihpiiil Tin In \.ih\ diate, 
^IM)( d li 1 1 ,t h foi ms h\ uioM iipir, c oloiii le^s, pn.smatn <*i\s|als 

Terbium bromide, TIdti s j, of,.-, 

Terbium sesquioxide, ‘>i terbia, 'I’h.o , is .i while selid ohtannil hy 

lu'iilniLL the peio\id<‘ m h\di»»L'en 

Terbium peroxide, 'ri,,n , is pi.Hlne.'.l 1 )\ « d«'mniL: ihe i. >1)10111 salts 
of \oliilile aenls in .111 To [).ii« <1 )i\ the iL',ml'oiM)l the t)\al ite 01 a mnllle 
liiin.iL'e, it is a d.iiK hiown powdti.hiil win 11 uhtaiiied horn the siil|)h.ile at 
a whitehe.it il I'hl.ieK Tin st loin^ly i .d< nied peio\ide is not alinilvi'd by 
( old iiiiiK 1 .d .11 id > .Old Is onh shiwlv at t( d upon b\ hoi, tliliili atnU 

OwiiiLitothe n.nl\ loim.ition t)f this pti))\ide and its mleose eolttnnno 
powei, the pies(*iiee o| e\cii ti.ieesol leilti.i in tniopi.i, n-idolmi.i, tl\ spiosia, 
ami \ I Ilia is e,isil\ th ti eleil 

TtMbiuin may be C'l im.itetl tpiantilal nelv b\ iLinihnu ihe o\.ilate and 
weiLrhii^^ the lesidiial pi loxnle 

Terbium sulphate, 'Ib.iHl^i, is pKjm.d b\ thliMbalinu the oetii- 
Indiate, Tb Ml o, at IhtO 

Terbium silicotunKState, 'I b,(W,.SiO,„) >iep jiiii 
Terbium nitrate, 'Ib^xo ) Mlj), loims toh.mlt-, ii.omiilmii needh-h, 
111 p It 

The pt p ami 1 I 1 hnmniuhxf • n • m n! 

hii\ e ,ilso been de.-i i ibt il 

‘ riliiiii »-'/</. I'l'il 139 7;t, I'X)-. 141 f.jl I'lfi't, 1^9 ,/ i'him , 

lOi'i) ,i,ll S( I rfPri l.oin - .ii.il III il ./ hn / t i,- > .s. . , l*t] 1, 36, .’i)()n .onl./ 
M.Uf, J'») , V'i'J 35 JIS'J hil /, ,/v/, ,< >„ ,i ( },. I'nir., 43. J(j7 . I'., III! J'hnn 
N< i/s, I'.'O ',92, y 

- ril),iiii, lx ( '/ , .iii'l ('“‘iiiif I'.if/ , I'.Miis 142, [*o 7 , t'llMin iiii'l .FhiiI til ibii/ , 1908, 
146 l'J7. 

•* (ii.iiil .iml .I.iim s, / fimi I’h'in So' , 191'i 37 i<).'U 



CirAl‘TKR XIV 

THE RARE EARTH ELEMENTS 
THE YTTRIUM GROUP 

Tite (‘IciiH'iUs of tins ^loiip are d\sprosiiiin, Imljiiiinn, \ttniini, riljimn, 
lliiiliinn, yLtcilimm, luU'fimii, and (•(‘llniin All <iif i.iu' in coinp.ii i-oii uilh 
\Uiinin itself, yttfiluiiin lioin^ peili.ips the nio^)l alaindaiil Mi))iiiin is 
iniicli less aliiindant Ilian is commonly supposed. 

The conniounds of lh<‘ ehniKMits of tins ujroup ha\<‘ iiaa'iMxl liUle alU ntion 
at the hands of chemists AUmilion has hi'cn diiecliMl maml\ towards the 
problem of si'paiatin;^ th(‘ aclu.il eaithsof the jrroup liom one another, tlie 
lesults, ho\\e\ei, still le.ne iiiiieh to be d(‘siied, and eonsideiabh' w<nk still 
leni.nns to be done in eoniu'ction with the \tliia I'aiths 

In the following biief aeeount the elements aie disius'sul m then 
seiial Older. 


DYSPROSIUM 

SmiiIm)!, D) Alomir wn^lit, li)‘J <0 -Ifij ' 

|)^s[)iusHim (/i,„ A, and (lemoiniim ‘) is oie' of the Ir.ist abundant of the 

raio eaith (demeiitH Its salts wne isolated in a [mK' ‘^lale b\ I ibnn in 
1900. They aie yellow oi i:ii‘eniNh \ellow in eoloui (>nl\ a few' ilyspiosiiim 
eompounds ha\e been flosmibed - 

Dysprosium chloride, « I^\.sl.dhses m pah* Villow, [le.uly 

b})ani^lcs, and melts to a colomless liijind It has ]M*en pi('paie>l by Uoiiuon 
(p ‘Joll) 'riie c'hloi ulc foi ms <i hr\ah\fliate, l>\('l <IllO 

Dysprosium oxychloride, lht)Vl, is .ibo known (j) -Jo.")) 

Dypsrosium bromide, Ih lb . —See ]> '27)ii 

Dysprosium bromate, l)^(^>lU^).^.91LU, loims .sinning, jiale yellow, 
he.\a^onal needles, in.]) 78". liy jnolonged heatiim at 110', the tiihydiate, 
Dy(Hi() 3 ) 3 ..')Hotk IS obtained •' 

Dysprosium sesquioxide, or dysprosia, l>yoO„ i- a white, highly 
paiamagiietic solid (p -bO). No jieioxnle is known 

Dysprosium sulphate, may be obtained by d('h\ dialing the 

octahydrate, l)y..(S(),).,.8]I.jO, at 300". The latter foims brilliant yellow 
ciystaks, stable at 110“. 

* Row'land’s elcmrnt denionium was (•li;ii.ictiMis«Ml by the s|Hrliuui liin- a. 1000 0, wliah 
belongs to (sor ]> 'iOS- Sn- Kow land (Uinn JVt'/rs, IM' 1, 70 08 

Uibiin, Compl iy06, 142 , Th.'i , lUe. 8 , 146 , 922, Uibaiu .iiid DciikmiiImux, 

ihid , 1006. 143 , 598 , Uibaiii and JantsL-li, ibid , 1908, 146 , 127 , Jaiitstdi ami Old, Ikt., 
1911, 44 , 1274 

^ JauUUi and Old, loc. cU 
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Dysprosium selenate, may be oljl.uncd l)y iloliuliatmg 

tllO ^L■Ilow, Cl \sl,illlii(‘ I)\ ,lSr(>,) SlhO, .il JCO'.' 

Dysprosium chromate, l\\ .((’i lid in, by ilmiblt* do- 

C(.)in|)(j!sitioii, ih a mu ion \'>l illnic powdn At IT)!)" 

it lo'^L'S 3 rdl .O, and :lbo^(‘ tb.it tompciatinc di t iniipo'-il ion ocnii.s A 
satmatcd .solution of the dcc.ihuh.ito at ‘J5“ l■<lnlaln^ 10 gi.iins of the 
salt }K‘i litie * 

Dysprosium nitrate, IhiNO > .ull^o, melts .it s.s (;“ mid le'-iMnbles thi- 
coriospoiiding bismuth .s.iU 

Dysprosium phosphate, l>yl‘0, rill^O, a iiel.ilmous pieeijal.ile which 
slowl\ tuiiis ensl.ilhne, is a p.ih* }(‘llow solid which iii.u 1 h‘ dehuliatod 
at ’JllO' ' ‘ 

Dysprosium carbonate, 1>\ lUo^h msolubh' jiowdci foimed 

by tiiMting an a<|ueous suspension of d\^piosium h\dio\i<le wiih .i nincnl 
of (Mihoii diovnle, losc^ .‘Ol.O .it oidm.iiy temp mIuh's lu i.iul.iet with 
s.itui.ited aijiu oils .immouium e.iihoiiale, it is slowl\ coiimiImI into sp.uingh 
soluble, ensl.illiiie **w ///// (innHoniuin rrn fxinitfr, ( ^ 1 1 ,) ,1 11 

which heiiins |o lo'i .uiinmii.i at Oo' ' 

Dysprosium oxalate, l‘y ,((',(), )$ I'dl.th is piei ipital<-d as micioscopic 
piism.s, iu''oliihle in w.ilt i Hue htie ot noim.il sulphuin- .icid ,il _i)' ilissohes 
1 S‘J,'} gMuis of the o\al ite (.iidiNdioU') juthi'-'-ni m 

K l)v((\l),) , .311 .(), jOMipilaled when 'olutioiis of ihspiosmm uiliate and 
jiotas^iuui o\alati' .iii' mi\<‘d, n.idilx soluble in <lilule iti<l'' 

Dysprosium platinocyanidc,' •Jl>\{(‘N),.)IMi('\ iM II ,o, foims 
cmiiabii hd ciNstals with a cieiai lellex {<f p 272 ) 'I’ln )ut in<iU ' and 
uc( /u/< * aie also Known 

HOLMIUM. 

* R}iiil«il, Ih* Atoiiii. 10*. '> o 10' 

Iloliiiiuui IS one ot the h I'.l ahuiid lut ol (he laie eailh eli melds The 
i.sol.dion of pine holuua h.is he»*n a li K <il hum! dillicullv 'IheuMthods 
th.it ha\c been U'mI ,iie ch*'(iibed eLewlHU'd' 3")(») ddie be^t h(»lmi.i yet 
o))t;iiiii‘(I (101(1) w. IS evtiacled fiom the minei.d eiixenite bv llolniheig It 
cont. lined Iraicsof eibi.i.md d\.'juesia 

Holmia, II 0 . 3 ) , IS a ]).ile M’llow, hiLihly pai.imaiiiieln* powder The 
salts of holiiiiuui aie yellow with an oian^je tinge ‘ 

YTTRIUM 

S}inhnld Y Ao iiiu 8s 7 ni ]0' 

Yttrium is the most ahuiid.ml ol the i.ire «.tilli eh iiu ids (if (he yttrium 
group Since, howexei, mineiaU inh in thisgioup aie luueh h‘ss ahundaiit 
than mini i.ils iieli in the eeiium gioup, and the l.dtei miiiei.ils :ne usually 


’ .laiilsi li iind (Jhl, loc. cd 

- SniiicLiinc., i.illcd neoholmium the oii;;ui.d " ln'lniium ’ Imi’i' ii»’iiliiiliiiiuai ]tlic 
d\s|'M'Suiin 

' llulmhcig A-iiLix f'hem Vm find ^ lyil, 4, No'^ ii and 10 •Zid^’h ini'm C/'f m , 
1911,71, ‘J26 

* Two 8}iiili'ils lilt ui use ti.i \liiimii. \i7., Y and Yt Tlu -iiiilinl Y used by 
BeizeliUb and by all the uaily woikeii. on the lait uaitlis,^iab been adopted heic. 
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ALUMINIUM AND ITS CONGENERS. 


very j)<)r)i in yttiiiim, il is doiilitfiil whetluT ylliimn is as abiiinlant as any 
of the couuin inet.ils, .saiuaiiiinj e\i-ept(*(l 

The ()(‘ciinen<T, lu^loiy, [iK'paiation, aloiiiK; weight, and honin^^eneity of 
yttrium havi* been .ilii‘ad\ (li^cii>,so(l in (Miapteis X and \l 

Yttrium. -The nudal ha', not y<‘t heiMi piejiaied in (pi.intity in the 
massive foim One oi two ehemisls h.i\e pn'pared it as a j^iey, metallie 
jxjwdei, th(' ( hemu.il [iropmties ol wlneh were similar to those of eeiium and 
lanth.iniim , hut they dul not woik with puie }Uiium compounds.^ 


0()M1‘()[’XI>S OF VTTRKTM. 

The (‘ompounds of \l(inim ha\e Im'ou desoiihed niainlv hv ('le\e and 
Hi»irlund - Tliose doriM'd horn coloiiih‘ss .leids are themselves eoloiii h"*'* ;ind 
c\hihit no selective ahsoiption 


Yrimi'M AM> 'iHE Fluorine Oroui’. 

Yttrium fluoride, \ l'\ See p ’jrrj The hcmdiydiatc, .0 F, H^O, is 
obtained 1)\ double deeomp(»>,ilion (('level 

Yttrium chloride,’ \('l.. - Foi the piep.u.ition and pio])eilies ol the 
anhvdioiis s.ilt, sei* ]> '2~t2 It is <i h\ uioseopie, ( oloui le'^''. tivslalliiu' stilid, 
pcrcejillblv \ol itile at a bntrht led heal 

'riie li('\ah\diate, ^('1 i»l I < b 1 1 \ '>lallises m eoloni h s'., mnncji linii ])iismn 
and melts at loG'* to Kid* 'I'lu* nu)noh\diat<', VCl 11,0, i,s aUo known 
(p 251) 

Y/fintnt tumrhhi) i,f<\ >('l,‘JAu('l 1011. 0 (('le\e), ami mrn'inu' 

chlouilt'y^ )Hl;( ' 1 , 91 1 ,( b aie kimw n • 

Yttrium bromide, \ Hk, ei\stallis<‘s fiom atpietum solution as the 
ht/dtaff', Vlb .911,0 ((’leva*) 

Yttrium chlorate, \((MO_),/Jlf_,(b obtained bv <louble deeom])osition 
between vttniim sulphate .ind baiium ehloiate, ei \slallisi-s tiom wati'r m 
colouih'ss needles ((’leve) 

Yttrium perchlorate, V(('lo,;/JIL(), is a veiy hviiioM-opu- ^.dt, soluble 
in water and alcohol (('h ve) 

Yttrium bromate, ^dho.) 911,0, fonns eolomless, hmnnonal pi isms 
At 100' the ti ihydrale, ^(IhO) *511 , 0 , is ])iodu( (m 1 (>ee p 

Yttrium iodate, V(l(>.)i *>ir.o’ is obtaiiu'd fiom ytliium nitrate and 
iodic aeid as a white piecipitate (Cleve) 

Yttrium per-iodate. — Two jieriodates have lieeii prepaied bv ('leve, 
Ygt 1 _,()- S 1 1 .0 and 3 V..( ) . 2 1 _.0^ (5 1 1 _.( ) 


’ l'\)i icfuMMK I's, sec j)]) S Wvyvi {MuiwNi. IS'iO, 20 , 7 S> O*'' 'h’usity 

of ytliium ([MiW'dii) as ‘6 hO at 15’ Ovvi-ii {Ann. i'hysih 191.', |i\ ], 37 , 057) 'ays that 
vtiriiiiii i-i !> iiain.igiielic I’un* yltiia, li()wc\<i, is ih.iin.ii'iiefH* 

, On tin* i'll lima of yttiium alleys, see Sn-nn ns ami Jl.ilske, I) Il.P Nn 11(J,503 
‘ I’ll . 1 ’ and ll'iyluiid, Bi/mn't K Su ni>ka Yt! -AkaA Ifnm/l , ls7b 2 , /hd/ Sac 
rhiiii 1.'73 [11 1, 18 19‘{, ‘JSy , B>r . 1873, 6, 1467 , C’h'vc, lUhamf K SimA, t Vtt -Akail 
Hand! , 1^71, 2 , No l‘J , Bull Su> diiin , 1871, [n J, 21 , 314 , I’epp Aiin^alfn, 1861, 
131 , 197 

' M.itif'non, dom]it. hiil 1902, 134 , 1308, Ann Uhim Phijs , 1906, [vm.J, 8 , 433, 
houiion, ibid , 191i>, [viii 1. 21 , 49 
* Popp, Annnlen, 1864, 131 , 1/7. 
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YnillTM AM» mi! ()x\».KN (luori* 

m sesquioxide, or yttria, is .1 pmc white powder of density 
‘t'C'* !ic iO (' * It IS fee])I\ di.mi.iLinetie (p L’oT) 

\Uria ahsoihs e.iihon dioxide fiom the air, Iilieiates anmioma from 
aminoniiiin salts, and dissohes iciulily in acids 

AA Ill'll di'-sol\ed 111 molten e.deiiim ehloiide .iiid emded, \ltiia aasiinies 
the ciystalliiie state, orvst.dlisiii^Mii tiape/ohedia.-’ Foi fiiithei iiifoiniation 

conceiiiiii;r Jttiia, see p Lh'iH 

Yttrium hydroxide, V(Oll)^, is obtained as a J^elatinons pie(i[)itat0 
from BohitioiiM of yttiinm salts by the addition ot ex. c'ss of a soliililc 
hydioxide. It r.'adily absoibs e.iibon .lioxide When th.' pieeipitant is a 
mixture of ainmoni.i .irid bydi<Mj;en pi'ioxide, Indiated i/tfinn/i 
V4O., j;H/) or peiha[>s \ ,(),, 'll/>, i.s in. id need " 

Yttrium sulphide, a yellow solid which lesenilil.'-i the othei 

rare eaith sidphid.'s ‘ A eiystalline, insoluble duuhlt' 

YjSjXujS, is obtained by heatini^ a niixtui.' of yttua and sodium ehl.nide 
to in a stream of h\dioj;en Huliihidi', and washing the piodiict with 

cold watei ® 

Yttrium sulphite, YdSO,) lias been prepaied (p LM’.O) 

Yttrium sulphate, Y^(S(),) - Foi pn*[iaiation and iri'iieial piopertiCH, 
see p 'Jt )0 'riio speeilic beat ot tin* anb\ (Irons snlpliate belw.s'ii 0“ and 
100 " isO i;ni)'‘ 

The inoiioeliiiic" o.'talixdiate, Y^(SOj) SlI.O, is tin' only hydiatc 
known At -o' tlu' saturated solntion .‘ontains 0 ‘>S giams of .mh}dions 
sulphate pei lOO giams of watei’’ Its s.ilubility dmiiiiNh.'s with use of 
tom pel at 11 re 

l‘’oi and hn^ic aidphnteit, see p. Lbl.'l Tlie foil. .wing douhlv sulfdintfi^ 
aie known (Cl(‘\e) — 

' 2 \ i.so,) dK.SO, Y.(S(),). \a.SO, ‘JII.O 

V.{ SO , ) ’ 1 lx ]s( ) j Y‘.(S( ) , ) I ( M I , ) .S( ) , h 1 1 .0 

Tlie addition of sodium sulphate lueroases the soluhilily of yttrium 
sulphate at f’lisl, and th.'U eaus.'s tlie soluhilily to diminish i.ipidU With 
diimiintion 111 solubility is a'-so.Male.l a (bailee in solid ph.ise, fiom hydrated 
yttrium .snl[)liate to double s.dt Nilutmiis supeisatmal. d with lespecl to 
the double salt may remain m the nielastable state loi se\ei.il moiitbs The 
solubility cntve foi a t.'inpeMluj.’ of L'")' is shown in lig IJ 

Yttrium dlthionate, ^ is a \eiy soluble salt (I’leve) 


> K .1. Moy.*] iwi.l Wnuiiiim, iiu<>nj C/niu , 11*13, 80, 7 rn‘\U)iis icsultsaic 

5 03 r. 05 (Nibun cin.l IVlt. I'lSi.iij, I .Si (Muthmanii ami Iluliin), ami .") 3'.i to 5 38 

(Taiiatar aiul V.)l|iiiisky, J. Ilusi l'hy\ <%m A'.t , 1910, 42, 9()' Tlii'V ''iiggest \('iy 
sliunglv that ill.' \ttiia use.! by CI.-m*. by Nihon and I’etl.'iss.jii, and by Tan.itar and 
Voljanaky, was inipuie ^ * 

Duboiii, Coinpt rn\(l , ISSS, 107, 09 
’ Clevc, /Jidl. Sfii rhim . 18sfi, [11 ]. 43, 53 
* See p. J5'i , also CIcm', />»■// Aof th< n , 1871, [11 ], 21, 344. 

^ Duboni, Lumpt rend., 1888, 107 , 213 
Nilsoii an.l I’etterhson, Cfnnpt* it ml , 1880, 91 , 232 , IJer , 1880, 13 , 1459 
’ Kraus, Zeitsch. Kiy\t. Mm , 1901, 34, 307 , s.r p 2*)1. 

“ James and Holden, J. Ainer. Chem. Hoc., 1913, 3S,%59. 
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Yttrium selenite, V/SeO,).^ 1211 A ih oLtannMl as a wluto pu'iMpiLatc 

l)y juldiiii; S(j(lmni selenite* to a solution of \ttiimn sulphate, rind i^. eon- 
veited hv wiiiinini; with acpieous seleiiioiis acid into the acid selenite, 
Yo(Se()j,.JI.,SeOj 111,0 (Clexe) 



Ell. t J — The s}sl» til \ 'SOj'_ NajS04- 1L( ) at li.'i* C. 
S'lluliilitv (ii.i^'iaiii 


Yttrium selenate, ^,(SeO,)_.- 'I’ln* inonoehnie Ot l;di\ (halt', 

Sn,(), and the oi thoi honihie dcealiMlijite, \ olSt'Oj j 1 (J 1 1 ,( ), aie known 
(see j). 2hlj, also tin* follow ini^ thnihle sul/>/nift^ -- 

V,(Se(),\ K.,SeO, 61I..0 V.,(S.‘0,),rMl,),SeO, Oil ,0 

whieh aie leadily soluhle in watei. 

Yttrium tungstate, \ ,M\oj. -See p 2t;r) 

Yttrium silicotungstate, ^ l(^^ i - Se<* p Jiih 


VTIimiM AM) 'IIIK NiIIKK.KN OllnTl* 

Yttrium nitrate, ^ (XO.), ()1I.,0, hums dfliijuesei'nt, Inelinie eiyslals’ 
and lo.ses .‘111,0 at 100 'j’ln* tiiiiitiale, ^ { X( ) ) _ .‘II 1 ,0, (‘i\ stall i''( Iioni 
\ei_\ eoneeiitiated nitiie aeid A <lih\thati* h.i'^ .iKo hei*n desei ihi'd •' 
Win’ll In'ated, \ Itinim nitrate hist hums htiMe nitiate and suhseipieiilly at 
very hiLjh tom])eratiiies lea\(*s a n*Mdu(‘ of Utiia ^ttiiiim nitiate i.s 
isodimorphoiis with hi.smutli nitiati* (su* j) 2.'U) 

A s.iiiiiated aijueoiis solution of tin* nitiate at 20' has a sjieeilie i:ia\ity 
('li} jiy ) of 171U) .and eont.iins lllG giams of anhvheiis nitiati* pi*!’ 
100 crams of wtilei ' 

d'he only luistr i/(hnnn intiate that (*\ists at 2.“) has the eoiii[)osition 
.2,V.,0 tN„O/J01t,O It iM sl.ihle in air and in the jiK'senee of a .solution of 
yttiium nili.ite i*(aitaininjr one-foiiith its wei|^ht or inon* of anh\dious 


^ V(Mi Liu.c loid ilaiiiiij'1‘1, .//oiff Vn 19<»7, 351, Ifa) 

* lh-niui(;.iy, ('ompt leiui , 190'), 130, 1019 , 

‘ T.iimt.ii uiul Voljaii‘.k\, J I'hys i'hr’n Sue , I'OO, 42, 5Mi 

* .Uiiics anil Eratt, .// Ainer. i'hmi. Sut , 1910, 32, 8711. 
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iiitrak’, .iiul fioiii such a soluLum it. c m he icci (sc,- (iir i;i) [t 
Its not alh'ctcd l)y .ihMilufc nlculmi, hut is i ]('( l)lll|i(IS( i| 1)\ Uillci ' 

Yttrium orthophosphate, ^ o«cms m uafuic .ts ilic imiici.il 

\u .'iinitioni.ical soliitiuii nt aniiiuiiiiiiin (iilh<ij)liii'-[i|i ilc when 
iiddcd ti)\(tiimii nilia((‘ |)rcci|ul.ilc^ a \\liitc dilisdialc, JII.O Tlio 

amui ]) 1 mius pli()s[iliatc iiia\ he 1 1 \ ■^lalliscd lioni iiMtlleii UUiiiiii (liloiido- 



I'm I‘5 -Tie' vsiiiiiVO — ^JO,- II (i ,ii J 
Siiliiluhu 'li.mi.itii 


\( tif tjffi nun 0 } / Iff'- , \ ( 1 1 IM 1 . iiiav ht nl.t lined .is .iii .'uii'iiphmis 

|)ii ( i[iil.Tle hy addini( di-<Mliiiin ui I lii»i'lio-jili.i|e to a 'oliil ii»ii ol a \ 11 1 mui sail 
(('le\e) 

Yttrium hydrogen pyrophosphate, 'J’ll ‘h '■'> i>ie|>aied 

h\ (Me\e 'I’lu' follow lliL? < iniipmuid" h i\e .d^n Iteeii de'.ei iIm d 

V >). Na”o lM’.o. ^ .() ;{K .() lii* o ^,() .;\.i,() 

Yttrium metaphosphate, ^(IM) ),is ohiaine.i h\ heiinu \itMi with 
niolleii iiiela[)hos])hoi le a« id .iinl leinoMiii: i \( < ol leid willi w.ili i (( 'le\e) 

^ 1 iiMi M \\i» nil (' \iinoN (hioi r 

Yttrium carbide, V(’ , ii i- 1*. m de'i nhed ip ‘J7n) 

Yttrium carbonate, ^ .(r<> i, .‘ill ,<>, .md the lulhiwinLr dnnhle s.-dts 

aie known (see p “JT I ) 

^ .(('H ) .N.i,(’<> III.') ^ .M'o ).fMI,' < -llj<> 

Yttrium platinocyanidc, .il’Ki’N Jl li o tonus nd u^siMs 

havini; .1 p.ieeii lellev (si‘e p ‘J7J) 

' tlaiiii s .iiid ri.ilt, ./ Jiinr. tJJhm S-r , 1910 ^ 32, s 73 
- R.i'K)iniiishy. i'l-ntpl lemf , 80 JOl 

’ .loliiisoii, lici , Is.SO, 22 , 976, Wallrotli, Bufl St)> chim,, fn ], 39i '^16 . 

Diiboin, Compt. leiui, ISbS, 107 , 6J‘2. . ^ 
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Yttrium thiocyanate, TI.^0, mid likewise the dnuhh salt, 

Y(CNS)jj 3ng(C\\)o 121Io(), .'lie known Tsee ]». 272) 

Yttrium oxalate, 9If /■), is oliUincd by double decomposition 

as a white, cryslalbne precij»it;ite Foi its piopertics, see p 27.3. 

The only stable t/itrium jKtfassnnu lonlate at 2.3“ has the foinuil.'i 
1211., 0, and is deeoniposeil by walm Fig 44 show's the 
solubility di.igiam, as determined by Tratt and James ’ 



Fio 14 —The system Y./C. 204 )j-K. 2 <'.J) 4 - HP .it ‘J5“ (J, 
Solubility diagram. 


Yttrium ethylsulphate, so,)., tMl.p, is known (p 278). 

Yttrium acetylacetonate, \(Oil{COClI COOH.)^— See ]> 270 . 
Other organic salts —The following salts am known - 
Yttiium Jonnafe,-' aretate,’^'^ i>ropi<nint(\^^ surmiati'r ^ ^ 

iartrafr,- ” (jb/coUate,''' 'titrate, lactnie,^'^ caco<b/late,^' srharnte,^' malonate,'^ 

methi/hnlphonate'* ethyhnlplumate^' mrthnm disuljdionafv,'* methane- 
irisnlfthonate,'* crotonatr,'^^ rnalate,^'^ citraronate,'^^ henzaate,"^^ jdienylacetate,^ 
^ihnitjifiareinfe,^ sahri/late,'* phthalale^^ '^^ benzene sidphonate,^^ in-nitrohenzene- 
snljdionatc,^''^ 1 : 4 'l-broinomtrohenzenesnlphonate,’' eamph(H"<nlphonafe,^ 8 - 
hf/d) o ei/na2>hthalcne-\-sulph<mate^ and pi/iomveate 

Yttrium silicate. — By heating a mixture of yttria (.3 parts), silica 
(1 ])ait), and r-aluum chloride (.30 p.irts) for two hours in a wind furnaeo and 
oxtiaetiiig the mass with w.itei, DuboiiP- obtained moiioelinie el\^t.lls of 
yttrium silicate, V.,t).Si()„ which in eiystallme form and optical pioiicitics 
closi’ly resembled the mineral (jad<ibmte 


’ Piatt and .lames, .7. ...fmf/ ('hem Si/< ,1911,33. 

“ Chwcaiid Ibiglund, Ilulf Soc chim , 1.S7.3 (n J, i 8 , 19.3, 2S9, 

^ ( loo ihid , lb74,[n ], 21 , 314 
* lb inior, ./ .Imfr. Ch>i/i , IJO], 33 , .^lO 
^ Piatt and .lanio^, 1911, 33 , 1.330 
^ Wlnttomoro and J.imos, ifnd , J913, 35 , 127. 

K.it/ and .famos, tlnd , 191.3, 35 , .‘‘72 
Krdin.inn and Wiitli. Anvalrti, 1908, 361 , 190. 

'* J.intsc’li and (liiinki.iut, Zeiltth anoig Chrm , 1913, 79> 395 
llolinbi'i'., ih'd , 1907, 53i ^3 

Taiiat.ii and V«»ljaiisky, J Huss Phtfs. C/icm Sor , 1910, 42 , 586. 
luibnin Cunifit lend., 1888, 107 , 99 
*•' Giant and James, J.jknicr. Chem Soc., 1916, 37 , 2662 
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ERBIUM * 

Suiibol, Fr. Atoinn' \\i iiilit, 167 7 >0 -li)'. 

Kibiuni has found lu cfi t.un til.iimuii llmlLM.ll^ ' .md is oiuj of tlio 
K’U.st ahiind.iiit of tluM.iio c.iith idomcnls hhlaiim ‘'dls iii' [moIv oi lusc- 
iid in culnm, li.i\e a s\\«vl, i iii^.Mil .nid ixlnliil cli ii.u'lri islio 

ahsoiplion spccli.i (Vil.un I'llmiin pirpai.ilKnw l'c« u found to r\lnbit 
sij'iis of ladio.icln il \ * 

Tlio li‘\\ liUowii i‘oiij pounds of oil'iuni ))i‘(*u dt rilic<l ih.iimU by 

('lOM''’ 

Erbium has bacu dt‘'i‘i lin'd .IS .1 d.nk loftillii' |io\\tli i of dousity 
1 77 ill 1.)” *’ Till' inatcii.d Wiis ptobablv uiipuio 

Erbium sesquioxide, oi erbia, is .i los.'iolound piiwdui of 

density Stll and spn'ilic lic.it ibclwcin •) .ind lon ) n • It dot', not 
combine diiectly with w.ilci \ h\diiili‘d .d-o r\ist^ 

Erbium sulphate, Vsij><i\) , is dcMnbi'd on p jr.i), lounthri with the 

oclahydiatc, I'a.'Snji .sll (), whn'h loinis niono< lime n \ >'iab “ i/mih/t’ 

sn/phnff's, I':i,(SO,) K.SOj m.O uid KmSO^) (Ml .S( .^11 .(), .n.' leadily 
soluble in watei. 

Erbium acid selenite, Hi ISeO. ’^>1! u, i^ hnown 

Erbium tungstate. Si'.* p lit).") 

Erbium silicotungstate.— Sei' p 

Erbium nitrate, HiiNo ) .“dl n. loim. laice nd ei\vi.,i^. ^i.ible m an 

Erbium platinocyamde, Jii-i'Ni .ilMiCN) ‘Jlll.n i'- I'omoipiious 
with till' \ tti luni Milt 

Erbium oxalate, 'H imeiot'iv^l illuu' powder 

(p J7.‘l) I lull at es with .‘1, ‘.I, 1(», and 11 II O ha\i‘ In en dt s<'i iIm d ’’ 

Ml bin 111 ffii d* '(nnt'thi/lphu'-pJoitc^^ ^ ht,‘f t d > if wiph^lHiL /n'-l- 

iir/e, ’• and I 1 1 hinnihiK' •t)l» n < /n ' ' li.i\ e .ibo liocn d' ''( i ib« d 


THULIUM 

S\ Mill'll, Till An MU' '\ii;^lit,c I'lsf, (0 loj 

'riinliniii IS OIK' of the h list ilnind.nil of the lait* eai ill elimint'i Pnio 
llinlia was isol ite(l b\ ,lanK‘'> in IIM I, i>\ .i iiM-thod th.it lia^ bu-ii alieady 

■ Siiiin'liiiii -> known as nco-crbium, siii' ** iIh- nld ‘‘nlnuin ’iniiloin 1 “vlliilnmnd 
liiilnmiiii, <1\ ^pKi^iuni, .ui*l ihnlinni 

- I\ A llulniann, Hn , I'Mi) .^3, 

’ Ai'eonliri^ to ( It Vf 1 / (</' lln ^n .I'l i jiiit ol tin* " uhiimi <>1 Uilii .iinl liuiisrn 

coii'^isti il ot ‘‘yllfilaiini 

‘ SLi'iiii:, Aum <^hrm ./ , 11*0'*. 42, 117 

■ t’lcvo, Ci'iiipl ic.hl , Issn, 91, ysj ^ ,1 (’icvp juiil lliiirluinl. Jl.i/f nV- c 'fum, 1P73, 

[11 1 18, l‘*3, js'.i , sir dv> llttlni inn, /". > it lh.l’i..inn oi'l !5ini,''i />■ t , 1 '•ii'', 41, .SOS ; 
lloiin inn .Hill //' /• l‘*i S, 41, '{T''? , llnlininn ind l\nmii 'ille 1 , /m.*''/' }ihii'>ikid. 

<'Ji'>n , 312 

" S. Mi\(*i, Mon.ifsh , I''!*'' 20, 7‘'’i 

’ NiUoii iiinl IVlifi>-s.in <'inii/’f ,'ni! , Ls''!'!, 91, ‘j.Si , i'ei , IS i), 13, 1 l.'iO 

*' Ki.ius, /t’n.'iiA Kn/A J///I , lOnl , 34 3't7 • • 

' loi I'll. (ylLO ihiliniiiii, I!ri , 1!*10, 43 , ‘J*J ’•! (-lILO .omI lOII.^O), Wirtli, 

Ziit'iih iinou/ (hnn , 11*12,76, 174 (1111.^0* 

Clo,\p, loc. I'll. 

” Fnlinaiiii ami Wirili, Aunahi}, l‘'il8, 361 190 

Moig.'iii and .hinics, J. Amu f'hna <5>oc , 1911 36, 10. 

Kut/ ami Jamc's, 1913, 35, 872. 

I 
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described (p 356). A few compounds of thnlinin huvcbeen described. Tlicy 
lire ii.'ile preen in the solid .st;ite and in solution As the iiinoiint of crbmni 
s.ilt piesentas iinpiiiity ineieasr's fioni a tiaeo upu.inK the colour of the 
aipieoiis solnlion hccsuncs siiccessivcU yellow isli-piccn, yellow, eohniiless, and 
pink ^ 

Thulium chloride, TmCl.j.7II .o, is evticmely soluble in water and 
alcohol 

Thulium bromate, Tnidho i 9IL(>, Cl \.^(alliM‘s in p.ilc, blm'ih pieen, 

hex.i^cm.il pi isiMs 

Thulium sesquioxide, or thulia, Tm O , h.is a l.imt en'cn tint 
When can'lully made to inc.indc'^ce, it ciiiiIm a rMinnne plow Tli(‘ o\i(le 
dissolves slowly in i onccmtialMl ai‘i<ls 

Thulium sulphate, Tm/SO,), .md the or‘tih\dia(e, Tin ,(Sn,b SI I .( ), 
lia\u been picp.iicd 

Thulium nitrate, TinfVO.)^ IlLO, is fleli'pic'NCcnt .md \ery soluble 111 
w’ater It ni.iy be ciyst.ilhscd fioni nitnc arid in its willin’ coiiliMit it. 
resembles “ yttm Inmn ” niti.ilc 

Thulium oxalate, 'rnijabo,). bll .o, i.s voluble m a<[iieoiis .ilk.ib o\.ilatev, 
with which it 1‘oims double ovalatos 

Thulium acetylacetonate, [((dl , (’^^('11 1 Tm 11, o, has been pie])aie(l 
It IS not volatili ' m r<ii uo 

Tlinliniii })]it not i/nu vnf'othfhtte,^ and 1 1 '1 fntninntilinlit n nn- 

suljihonnte ^ h.i\e also beini desciibed 


YTTERBIUM 

►Svinhol, Yb. Atninic wi itrlit, 173 (0 = b»). 

The name yffi’ihutm it now .idopted b\ the Intein.ilion.il ( ’ommil (• i‘ on 
Atomic Weiphls to indii.ile the m.iin (‘oiistit iient of the old “\ll'‘ibiiim 
di.sco\eicd by M.iiipnac (T bam uses the n. line utoijKnlnuni^ a\h\ \iiei \on 
Welsbach adopt. s nltlthamnnon ^ 

Fiom the (lat.i pi\en by Viler von WeKb.ich ' it appi'ais th.at SO to ‘.)0 
percent of the old “ \ ttei biiim ' consuls of tin* new \ Llei liiiini It may bi‘ 
sejiaiated fioin tin* aceonqi.invinp element Inteciuin (or cav^iopeiimi) bv 
fractional ciyslallis.ilion of the nitiates, double .immomiim ox.il.iti's, ot 


* .himrs, J J/nn Chrni Sor , 1910, 32, alT , TJll. 33, 

“ .billies, ./ Jmc/ Chnii Soc , 33, rj.iU 

® V\ liiUinidic !iii(l I.inii's, ihui , lOl’b 35 , 1J7. 

* Kal/aiiil .I.iinuv, if'.tl , 35, .s7l! 

® Tills \ .due ii due ti» Uilmii .ind iJlnrii' lift M .nid is olil.iiiied ^Mtll jiiali’ii.d tin- Imiii 
nil but the III! list li.K’esol tlniliiiui .md IiiImiiiih ,\uei \<mi Wid'-h.ieh ii])t.uiiid the \.due 
173 Dili 1913 I’lii- .itoiuiiMif iLihl ol IuImiuiu diceeds tli.it nf the iieii ylli'ilnuin It is 
tlieietoic a luatlei ol suipiisc ili.ii ihe dt li niiiiiiitioiis id llu* iitDiiiie Miiplit nf old 
“ ytU’ibiuiii,” nuiile ])\ Nilsnii iiUi<n .md A (dine {vnle irtfut), should li.ive pi\eii 

the value 173 1, uiile><s the lesiill ola.mi'-d h\ Ui I miii aud Bluiiieiiteld is too hiph Idoni 
the clienncal point ol lu-w, hiiweier, th<- lesulls i.f the last ii.mied cheiiiists iiieiii Ihu must 
coiilideiice 

® Auer von WMsli.u h,*d?r/i 7 r/ K. AKnd ITi’ts Jf'nn, Nn 10, Ami'ih'n, 1907, 
‘351, 464 , MonntAi , UiOh, 27, IMf) , lUOs, 29, LSI , riii'*^ ^0, A' Akad 

\V%ss. Wini, lyi'i), 115, II li, 737, 1007, 116, II. !i, IIJ."), lOO'b 118. H lb 007, 
Urb.ini, Compf icnd , 1‘M)7, 145, 759 , ]‘i08, 146, lOii , Uilain I’u.mmu ainl Maill.iid, ibid , 
1909, 149, 1J7 

’ Aiiei \oii Wolsbacli, Movatsh , 1913, 34, 1713. 
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1)1*01 niitos,^ the vtteiliiiiiii boinir iii tMi'li c.'iso less soliiLh' tliaii the otliei 
liy tlie iiiti.ite iii(‘llnnl, I il).iiii .mil llliiineiileM - isolali'd eii:lil smeessi\o 
fMelions w liii li fiiini-lieil speeniieiis ot i.iie cMilli pi.ielie.ilK nlentii.il will) 
lespeeL to llioii siiM-ejiliEilit ii‘s .iinl .lie spci-l i,i \i i milin^ to lliesc 

cvpi'l iMKMllelS, VIKM \ 0]1 W I'Kh leh's .lldel) II.llllUlll i ullt Ulis v UIH tllulnMIl. 

Ytterbia, 01 \lt,<>, 1 >, .1 eDlnmles', uxule the hiiuMielU 

susci‘ptiliilit\ of wliuh is .‘J 1 1) X 10 '■cl;'' mills jiei unit in.O'S lis snllf, 
with colon! li xs .It hU t‘vlMliit no "iIkIim* .ihsoi pliDii 'I'lii' SulpliatC Imins 
nil o( l.iliyli.ite, \ 1» (''■n,) .'■'11,0 

The ^.ihs i>i ul.l “\tleiliimn’ hi\e lieen e\. mimed m di t id liy Astiid 
('le\e, hnl .will iKit he de-eiil.t.l heie * 


LUTECIUM 

S}nil»ol, Lii Alnimi’ w. 'j'lit K.'o'.O Ifi) 

The n.mio luftman is .idoplid h\ the liilein it mii.il ( 'omiiiit lee on 
.‘Vtoime Weinhls to indie, Ui- the coiislltnent of ulil ‘•\tteihinm ill. it h.is 
<i liiehci .iloiiiK weiLihl .md is le'.s .ilnnid.mt ih.m the m w \lliihiniii 
The II. line luleiiuin i'' due t<* 1 ili.mi , \nei \mi Wil'.h.ieh adopls ilie ii.ime 

Hi III 

Pine Inlet i.i h.is |)t‘ih.ijis In en Mil.ited li\ Vnei \on \\ elsh.n li ( lOl.'l) ll 
IS a eoltniiless o\nle, mn* h less pii.mi ijneiu ih.m Nlleihi.i’ lt>. salts 
with eolonili's-, .Kills .lie thenisi*'' tolinnless .iinl i‘\hilnt no Mleelive 
alisoiplioii Till* .mlixdions ( liloiidt is inon* Mil itili th.m \ ttei hiimi ehloiidc 
Tin* sulphate toims .m Oi t.iliMli.ile, l.n.(M),), ^11 o " 


CELTIUM 

S\iiil.t>l, ( 1 Al'-iiii< wfi'.'lil, (M 

In i‘nile:i\oni 111 ;; to isolate Intei inin fioin .i 1. litre (pi.mtit\ of the niiiU'ial 
;r.idolinit(', I ih.mi oht.m)(‘<l .i lin.d iionei \st.illi' ihh* inolhii lnpioi in tho 
conisi' ol ii.K tion.itmtr the ini\e<l inti.ites ol \tleihinni .mil Intei niin I'lom 
this liijnoi he i.sol.itt <1 the i.ne eaith [iii'sent .md piniln‘il it fioiii all hut 
luteenmi and nej^liLohle ti.nesol si.milnmi, cahinni. .md in.iirnesiimi 

'1 he e.iith w.is (pnte white Its inairnetie snsei-pt ihilit \ was only one- 
foiiilh lli.it of ne.iil\ pine Inteeia oht. lined lioiii xeiiotiiiK*, and its aic 


1 .'^1 . I’li.ijiii 1 \ 1 

- ril'iiii .tinl hliiineiifi'lil, f'l'iiii./ jtiiil , Till, 159, .,*2;j 

’ Asl 1 111 I'll i'hnn 1'*"-, 32, TJS , f'hnu , ID'ij, 86. ‘.'tS, spo 
alsi) M.ii it;ii.ii*, Ji'li Sit yhu't nit , isT.S, 64, “7 , (’uiii/’t 87 Ti?'' . Nilsmi, 

ibnf , IWT'J, 88, lit J 91, .■'•li, Its , /■>! , 187'» 12, .'’.'il . is-n, 13 1 1 to, 14 : ' . Miili^r- 

\u\u, Ann <'hnn I'kiis , l\iii |, 8, 119, I’.mnnni, /.»</. l\ni |, 20. .'ilT, 21, 4'J , 
Compt mill , rj(i7, 1.45. 24 't , Iv.il' .iiid tun-' J hin, <’/■ in S •> , 35, 872, 

.Mi)i|riin .ukUiiiih s, i/ai/ , lt*l 1, 36, 10 , .1.1' ;'• 1, /’)M' A” A/.H'l Ui'tnisJi / 0/1, T.M 4, 

l6, 

■* Aiii'i vfjii Wi him li's \.ilni' '191:1) fm iiim , 

® Ni'ii\ Iti ihia Is li.iii In li\c limes as j.ii.imi;;m‘tK* as lutei la .Pili.iiii, Cu'in/it i-^l , 

1908, 146', lOG , S Mi}(i, If./m/ h , 1908, 29, 1"17) 

** AiiiT \on Wehhieli, Anzt 'll I K AI’hI ff'isy Jf ii’ii, lyoTi, Nn 10 , Arnnlrn, 1907, 
351, 11)4*, M"n<tfAi , 1901), 27, , i'»os, 29 l''l I'"*'*, 30^ OO.'. , I'li.j, 34, 17M; 

I'lliani, (*0'ii/i' tenil , 1907, 145, 7.')9 . lOn.S 146. toii . Uili.ini, Rniiimii, ainl M iri.iid, ilml , 

1909, 149, 127, UilMiii.in.l IJliirtieiifeld, ihui., 1914, 159, .’.*23 , Ruinnm, Ann ffnm. I hys , 

1910, [vni ], 20, 547 , 21. 19 
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Bpoctriim sliowcd, besidc's the lines of lutccnini, a iiuiiibcr of new lines, 
several of whicli woic voi y intense (see p 307). 

It thus appeals extiemely probable that gadolinite contains a new rare 
earth element that is not jiiesent in \enotime. To Lins element, delined by 
the are spectrum j*i\(‘n on p 307, rih.mi h.is «;i\en the name (t'llixin 

Anhydrous ei'lt mm chlonde is moii‘ \olatile than liiteeinm eliloiide, but 
less bO than sfandnnn chlonde ("eltnim hylio-\ide is a wealo'i* base than 
liitecmm hydioxide, but is slronjror than the hydroxide of seandnim In 
other respects celtmm is also intermediate between lutecium and scandium.^ 


’ I'lli.iin, Compt. lend , 1911, 152, 141 



CI1AI‘TKK XV. 


ACTINIUM AND ITS DISINTEGRATION PRODUCTS.' 

Occurrc^ice Actinium IK .1 tons!. ml tou'^liluont ol umiiiiiih imiu'iJils 
xVccoiiliii^ lo 1 ini t w (UK I,-’ 111 ui.mium minci ils m w liicli i.iilin.ii 1 1 \ c (’<iiiililinmii 
hiis hci‘11 (“stiililislicil luj tnt.il a-i.iv i()ni'..it mu due to llu iii.miimi i.i(imni 
KUiiOHof piutliu I*, i', 1 ,!l) UlllCh .IS lli.il due In till' UMiiium Ilsi-lf, 

wliilisL thcic is .111 uddiliniial lu ti\il\, c(|ii.il In n L'S Iiiim s Hi. it nf H-i iiiauiiiiu, 
due to {icliuiuui iiud Its })iodu(l.s It loliow.s tli.it .ulinmui i-. min mmico 
oven in couqiiuisnu with ladiuui * 

History. — lu slmitlv .iflcr tlio discmciy of i idmui .md |inlnuiuui 

in pitclihh iide, Helm me di'CoieiiMl a thud i.idio.e li\(‘ eleiiH'iil lu the siiuie 
mineriil In HMM) lie u.miisl Hus < leuumt actinium ' Dehieme fnuud lh.it 
in workinn up pili hhliUKle l(‘■^l(lu( s, tlu* .u liiiiuui, \ihich \s.is imt pie<‘i[»U!il('(l 
by h}di()^^en .sulphide in .n id ''nlutiou, ^epai.ilecl with imii <iud llie laie eaith 
olouieiit.s in the luuuinui.i pie.upil.ili', and his linal .icliiiiiitn picp.-uatiouH 
coiibiated uifuuly of thniiuiu Inn M‘\eial yiMis no luoie wnik on actii.ium 
was puldishc I hy HehienK’, find ine.mwhile Hiesel'' anunuuis d I ho diseoMuy 
in piteliTiloude of a new’ i.idin.u li\(‘ eleiiicnl ihaiai hu !>'( (1 h\ the 

fact that it ^M\o to aneiu.iualinn which lapidK deca\ed Hu el ohl.mied 
the new eleiiieut fiee lioiu Ihoiiiuu, hut mixed with tlu' cenuiii nioiip of lare 
eaith eh'iiients lu lllU'i.md llM)l Dehieim*" n.ive fuiHuu del.uls i niu (‘iiiing 
actinium, dcM ri bed Hu’ emau.ition lo which it t^.U(* use, .iiid decl.ued lh.it 
cuianiuui and actiuiuui wck* uhuitu.d This ideutili, .it iii.-t disputed,^ was 
conliimed hv 11. dm and .S.ickui '' lu 11HC> With tlu' .su]>''i (pusit diMovery 
of the 1 .idio-elemeiit ionium, it w.is eu th.il holh Hehieiues and (liesors 
actinium piep.u.itious uiU'.l h.iie heu i nul.mmialed with th.il eh ineut '' 

Preparation. The ehMoeut .icimmm In', not been i'-oI.iIimI , ueithei 
have actiuiimi salts been obt. lined in anithmu ap[)io.ichinL; .i |iiii(' state 


‘ I’til tinlliei liifniiii iiuiii, I Km liM I'lul, y,'(M( I ml (/>(/ linhntunn 

(( '.'iiiihiiilp Uiii\(*i'.il\ I’ll--' IIMJ; , Siiihli, ’l In' I ii‘ ,tii / u fif tt-f Il’iiluinr t H-i'aipn.iiis 
& C(t , |it 1 , -lid (d , 1 !» 14 , ]i( 11 , , Old till- 'ii'tiiiii^ on /.itilit'i/ihufi/ in llii> 

Clninn.il .'siii’ioly\ Innniil Kcjnii I-, linin l ’*01 onw.iids 
“ l’.(3lLwo('d, Jmii ./ Kci , T.m.s, [i\ ] 25, -fit' 

* On tho occui n m !■ of m timmii jniMluids in tlio atniO'|ili«‘ic, sn Mil/, Jhli K. Ahul. 

Muuchen, lyo'i, 25, , 

* Di-liioiiii' (’oi'if't nml , l.s'ii)^ 129, .fi 93 , l'»00, 130, Oo'i 

® (hcMd, lilt , rjO'j. 35, : 5 *’ais , 36, :u2, 37, i'. •«) 

Didnnnp, Cnmpt invl . I'm 5 , 136, 4 J 6 , i^l , 1901 , 138, 111 , 139, C>P,R 
’ OicsH, Hrr , 190.1, 37, , I'.io.'), 38, 77 .') ; W .M.uikA.dd, /Jit , IPOri, 38, 2264 ; 

l/. Di’hu’iiiP, I'hihikiil Zeihih , TMii», 7, 1 1 
Hiilni and Sackur, Bn., 19 ( 5 o, 38, 194 . 3 . 

" Boltwood, Ante} J. Set , r.H'S, [n.J, 23, 305 . 
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Actinium jiicpiimlmus consist, for the Mio.st pint of compoiuids of tlic i.'iic 
caith cliMiii-nls (•(Mit.iimn^' miwi il;Im1)1c .inioiints of aclmmin Since, nioic- 
o\ci, tliL* iciicLuni') ol 1111111111111 .ii(‘ not \ci\ well known, sti(iM^|\ aiti\e 
iiclininiii pi ep. 11 . it ions ai e diilicnll to jii ep.n (' and in c‘onsi‘(jii(>nL‘(‘ an e\l i eiicl y 

c\[)ciisive 'riieir piep.it.ilnai honi pitcliLli ndc, c.iinoliLe, fin-1 implex 

Olaiy oic.s (S Ansti.ilia) may la* nulie.itcil ' 

(i.) In woi kni^ np “ foi ni.innnii .mil i.i<lio.icli\e jncpai.itions, 
ifc has iisu.illy hceii tlie eii^loiii to ro.ist tlii‘ ei ii>lied on* with voduin, c.iilionatc 
and then to evti.iet the mass liist with w i(ei and then with dilute .siilpliiii ic 
acid The iiiMilulih' residue coii'^isis of sduM -uid the siilph.iles of lead, 
hismiith, c.ilcium, h.Liinm, i.iie e.iilh elemiMits t>le It is In il«-d with a 
hoilnii* solution of (Miislic sod.i, waslu'd and lieilivl with h\ di oi hloi le acid, 
Ih(M.idiiiin Is tliim found in tlu' nisoliihh* loidm* ainl tho ixiloiiium and 
actnnuiji in the solution (n ) Niimeions ploces^e^ li,i\i‘ heiui de\i'ed for 
workiiiuf iij) till' mnieial oiiiu>htt‘ foi iii.iiiiiim and \aii.iduim 'I’lie'C h.ue 
been e\;imined by IMiini'* to see whiib .iie siiit.ibh* loi e\1i;i(tiiin aUo the 
radio elements it contains W oikni^ with the eoneeiiti.iles lif)m .i ( 'oloi.ido 
c.unotiti* (I - 1 J7, V = or) pel cent ) he liiially pn-feiied to mi\ ten p.ulsof 
earnolite w itli loin p.iits ol .inhydioiis soilium eaibon.ite ,iiid lweiii\ ji.iits 
of watei, heat to boilimr for seveial hoiii.s, stiiinii; fieijuenlly .lud addiiiLt 
iiioie watei as the m.iss tlnekenod, and then wlnli' hoi to liltei iiiidei siietioii, 
w’ash the residue with hot watei and boil it for ei<,dit hoiii.s with about li\i‘ 
and a hall p.iits by wel^ht of eoncenti.iled hydioehloijc and diluteil with 
ten parts ot water The liiteii'd sc.Iution eoirtaiiis the [rn'.ilei p.iit of the 
radium, poloinum, and aelmiiim piesent in th<‘ e.iinotite (iii ) The ()l.ii\ 
iiraniinii oie ‘ occtiis in .i lode foMii.ition ol m.iLmetie til.imleiou'' non, 
iiia^metite, and (jii.iit/, in association with biotite Tin* on* is cniNhid and 
then conconti ated m.igiiel icallv Tin* concent lates .imouiit to ill) [lei ceiii 
of the oie and h,i\e thi' following composition * 

(\10 Pl.o ifO, leo Miio Iho,, e» o,,(ra, 1)1, \)jO no, ro^ \_o., i,o, s,Oj 
0 .'tf) 0 Ifi 17 1 1(1 ** ti.m* 3 1>7 " sf) 1 0 u .sfi r, s-, i-j ;o 

It IS only neci'ssaiy to de<*ompos(‘ about half tliiMue, b\ fusion with ^odlum 
hydr()}j;on suliih-ile (salt cake), to seciiie a piacli<.dl\ i'om|)lete vield ol ihe 
radioactive contonts 'I'he liised jnoduct is cinshed, .e_-il.it ed with w.itei, 
and the tinely dnidcd silica and lead, bariiiin and i.adnim vul|ih.ites sep.n.itiil 
from the cojiisci, inich.'in«^ed oie by i liitiiation The tiiibid li(|ind is allowi d 
to .stand and the‘vlmie' of ci ude .siilph.iles and .silic.i scp.n.iied from the 
clear lupiid, which is tieated for niainiim The uiainiim lapioi coiil.iiiis p.nt 


^ III roiiscipK iK 0 «it lln- 1 . oil's-' ii.itiiM* of Ihr imti.il i'li.ini;i ot aclmumi, it oKi-ii li.ij»|i('iis 
tli.it actiiiuiin Jill jMi, 1111111-1 when sij'jii.itid liom iiuiicmIs an* si.iu'i'U i.ulio.u'lm- , ilmi 
activity ami i-iiuimiUn^ powi-i, Imwi-vi-i, imioasi* eiioiinoiish (luiiii^f tin- m \l, fi-w immilis 
It is tlius t*.is) to ovt'ilook the iiii'siMicc of actiiinnii , liomi-, inscikui^ lo obtain .'ilIuiuum 
prcniiiiilioiis iid imiU-nal should i-\«-i he tlimwii uw.iy in a hnn\ 

I).'bu>ino, Cmniit mi'f , isya, 129, , U'OO, 130 9')ti Mum (’uiic, 77/-so (I’.uis, 

190!l), Ol tijinsj'ilion in t'hem. Xnrs, 1HI)3, 88, lbiitiin;i>i iiml I'liiili, Sif n irf',b' i A //.mf 
IViiS. H'li'n, l‘)08, I17, II a, fiJo, Minnifsh , 1908, 29, , AiU'i mmi W i-Isli.u-Ii, 

• her. K. .ikml ITiss If irn, lylO, 119 , n u, 1 , J/iun/CsA , liilO, 31 , lir-O, Zntsrh an-iiq. 
Chew , 1911, 69, .ifiS , J. Soi f'hwn Ind , 1911, 30, r»35 , Mnllwond, V,ol liwf. ,Siir , l'*ll, 
A, 85 , 77 , A’m/n///), 1911, 8 , 101 

® riniii, J. Ainri {'hem Snr ^ 1915, 37, I7i*7 

* K.idclitl, J low Sfe ^>w Suiilh Unis, 191.3. 47 , 11 '.'. , 1914, 48 , 408 , Muiiuf) Sei , 
1914, 69 , J/ , J A'of-. Chem. Ind., 1911, 33 , ‘JJU , ('hern News, 1915, in, 59 
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of tlu* niit‘ oniiliiill} in Iho nu‘, hut ikmh* »)! tin' 

.I'-tiniUMi, w hn !i i'^ liMiiul, .iltnn: with tin* i ciu.hikIim ol lln' inn (Millie, m 
till' " ■^llllM' 

It will hi' ''(‘fii lliil pill lihli mil* ifsidin aii'l n] n \ dic “slum's ' iiio 
SOIlli'W h.lt sllilll.li 111 I (illipo-ll mil 1 !. nil 111 ) iiIIuIImIK Wnlki'd lip llu' l.lltl'I 

111 till* |()llii«\ iiiL! m.iiiiii'i Till' ‘ shiiii's'’ .111' 111 ill'll with siiljiliinii .‘iciil, 
lilli’ii'il, .mil liiiili'il wilh I'M'i'ss 1)1 .in .npicDiis soliilmii mI -1111111111 < 11 hnii.iti' 

I iisi)liihli‘ siilpli.ih's ,iM* I'linx I'l ti'd ml') i .11 hoii.iti'' .iinl iniii'li silii i is ili'^soh i d 
Till' w.islii'd I’.n hull. ill's .no di'Si)l\i'd in h\dni( him h' .loid .md tin siilpli.'itcs 
iii;.im pii‘i'i])il.if I d Till' 01 ndo siilph. ill's thus i)hl.niiod .no liisrd w il Ii sudiiim 
( .nhoii.ilr III uriplnti' puls .md tlio pindiiol dit^oslid with Iml w.ih i 'i'lio 
iiisoliihli' ii'sidiK', .illi'i jiii'kiiii: nut tin* iiirl.illn loud, is dis-nUul m h\dio 

olilm 10 ,ioid .md 1 In MiliiUiin 1 \.ipiU iti*d Id dixiiiss (o dili\di.ilo iho .silio.l 

'rill' dill null's no di'si)l\od m dihlto h\di')ohli)ni .n id, lilh lod In l* limvo silio.i, 
iiiid tho s.iiiiiuiii is ihi'ii Slim. ill'll wilh li\dii»:oii ihli'iido r.niiiiii nid 

i.i'liiiiii ohlm.di's ino ipi ml il ili\ol\ piooipil.ili d, lU'.nlx lin* liuin nllioi 

oli'iiioiils wliilil iho .0 tmnim loin mis 111 siihilmii wilh tho 1. no i.nllis Tins 
iinllmil li.is ''Uhsi ijiioiil 1\ hi I 11 iimdilnd .is lullows 'Iho 1 nnli inixlmo ol 

siilphiitos is fiisi d 111 .111 mm I 1 in il'lo w 11 li o\i'i ss ol o.iii''l 10 muI i 'id .1 I'lllo 

SI) 1 mill I'.n 1)011 ilo 'I'lii' iin II is n ju .iti dK ovti.iolod wilh 1 ml w iloi, w lion'hy 
iiiosl ol tho k'.nl Is dis-ol\i d, .md I ho m-i.luhlo 1 1 -iihio is diuoslod w il h sodimn 
1 .11 1 ) 01 1.1 to sol II I mil imdi 1 .1 pH -sipo nt '*0 11 1- pi 1 'ipi.no iiioh 'I In ■ .n 1 mi into 
H" idiio is w.i - In I 1 1 III V I 1 1 1 d mil) I him nil 1 1 1 1 d 1 1 oil) '.ilii .i, .md tin h.i i iiiiii 
inid i.nliiiiii '•t p n.iti d ii- holmo ' 

Properties Inilo i- known of tho ohoinio.d piopoilns ol .ittiimmi 

It li.is Imoii kim Ml ^iin o ils di'i o\i I \ th.il .n liiiiimi 11 smiihli s llio i.no I'.nth 
oloiin Ills Doliniiio w.is III I 11m, howoM 1, 'll H'u ndiii'^' il .h m.iloirous to 
tlimiimi ’ It Is mo'l simil.n 111 piopoiin-, to tho tiiN.ili'iil i.iii' o.uth 

i loiiioiit ol till' 01 Mimi oii)ii|i,' |)..itiouI.nl\ l.mih.mmii W hi'ii llnsi* 
.n tiimoioiis i.uo o.nlli oloiuonls no ii.iot nm.ilod .is lli'' dmihlo iii.iLtnosinm 
nitiilis tho .utmimn 1 mioi iit i.ilos in iho iioodi nmmi find s.nii.niimi 
fi .i.'l imi'' ' 

\ol mitnn is mil |)iooi|)il 1(1 d h\ IimIio'ooii siilj)hido m diluto .n id Mihition 
(sopaiat loll fiiiiii polommii .md i.idm li 'id), Iml is pioi ipil.itoil .is IimIiomiIi' 
hv anninmi.i (si'ji.n.il mil limn nnlmnii 'I’liis pH 1 ipil.'ilnm, Imui \oi, is \oiv 
1111001 1. nil, md liltin' pio'iini m i onsid* i.il'lo ipi.nititns ol .mmnmmiii ".'ills 
Is h\ IK ) 1 in ' Ills omn [ il> I o ’ | M mii,'‘ w lio st min d 1 1 10 pioi 1 pil .1 1 n m ol not m 1 im 1 

hv .11111110111. i 111 tho pH'si III •' ol ;i hull' .ihliiiinimii 'ill, Imiiid it mipnsMhlo to 
si'ti.n.ilo .dl tho .11 liiiimn hmn i.nliloious find .n imiloimis h.nmm 1 lilmido m 

1 A<'i iii'liiii' t'l R id lill ■ t ' ' I' 11 l"iis i>f ol ii\ Dll' ■ ■•nr nil il- ' \ M loil v kil'> 

I'laiiis 111 1 1 ndi siii|ili ill s 111 iln lii'l Mii'j I Diii])"sMi<iii — 

I'liso, Ui'ii, Il o sm^ 'ho. llurl.irlliH 

i,') 'j ]‘2 2 in 8 Ji " 8 " p' 1 " lit 

■■ 1 ). 111. ini', ' n - /./l / , 129 , I'lDO, "(Id 

* iSi'i' (liP'il, l>'i . lPu 7 , 40 '■'•1! . >1 nijiihnliii .uni .s\i II" ^1 nnom I'hmi 

Ut()9, 63, 11'7 • . 

1). lullin', tpt ml'/ , 139, r).8 

^ hi \ 11, riul Uii't , I'liii), |\i 1, 12 177 , / ' " , I'ti),. 8, 1'29 , II iliii, /Vn/ 

J/a./, UJili, hi 1. 12, ‘211, 19117 , [m ], 13, ler). liullwu...! Am^, ./ A'-i , I't'lS, [i\ 1, 
25 ‘292, •/’/■."' A’lO/. ''I'f , I'.Ml, A, 85. 77, Aui 1 \on Wi'-loili /()■ 'it I'd m'iiidm* 

luniin.inmn sills, i v.ij. n.itn P. ili\ in 's :iinl limt tli- n snhn- with hniliii^MiUn' .n nl ni fuiu.i 

H'i'I.i , tlli ‘11 11 lii"\ r i M'l'". 1)1 i(ld*h\ I'l i|iiiiatiDii 

PkiiiJ, ,/ Anh) U/d-wi AV, lyi:., 37, 1797 
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0110 npoiatioii Actiniiini is not precipitated fioin its cliloiidc solution by 
boiling witli budium thiosuljdiatc, nor fioiii its nitrate solution by the iiddition 
of bydioiren jicioMclo (scpaiation fioin tlioiiuTU and loiiiiiiu) It is pie- 
(‘ipitaled as oxalate by ox.iln* acid or ainiuoiiiniu ox.il.ile , lu tins piceipitation 
the ('(lucenliation of fiee inmeial acid should be reduced to a iiiinimniii, since 
actiuiiim oxalate, liki' l.inthanuin ox.il.itc, is detirledl} solubli* ni mineral 
acids. The lluoiide of .(ctmiiim, like the lluomles of the i.iri' c.iilh ('Icinciits, 
IS insoluble in w.itc’r and a<pieous hydiofluoiic acid (M'p.iiatioii fioiii /iiconiuiu 
and titanium) When a little b.irium salt is adde<l to an actinium solution 
and lh(' barium pn'cipil.itrd as sulphate, the iJiccipil.itc' adsoi hs ihi* actinium 
'riiis jiiopeity, olwrxed by Ih'bieine, is utiliserl in si'paiatnm actinium fiom 
[iitchblende and ()lai\ ore Actinium is i caddy separati'd with manganese 
when that, element is precipitated fiom basic solutions as a maiif^anite ^ 
Auei \on Welsbach <leM iibcs actinium as bcniii: intei mediate in chemical 
propel ties between lanthanum and calcium 

\ctmium is an intsfttUr (‘lomcnt, and like thoiium and uiamiim, it is 
constantly bn'akiiiu down at a slow but delimti^ latc, and so cnim: use to a 
senes of xithotK tnr }‘iOi/urfs. When m e(piilibiiMm with lliese 

products, a-, , and y-ia\s arc cinilleil b\ .lelmnim pieparalions The a ia\s 

lire voiy poweiful, [uep nations l()t),0nt) tiim-s as aetixe as inamiim oxide 
have been obtained Th(‘ /^ra}s li.ixe .i lelatiiely small pemdiatinj' powei, 
and tin* y-iays arc fe<‘hle both in a»‘tiMt\ and in peiietratiiij; pow'cr. The 
most sinking featuie of <ui .letimum piepciniliou is its emanating powei 
(p 1111). In Lh(‘ (ouise of tin* ladioaetne tmii'^foi m it ions oeeimiim in 
actninim [uepiirations h(‘linm is e\ol\e<l, and aijueoiis solutions of the pre- 
paMtioiis slowly c\ol\c h\dio::en and o\x};(*n ^ 

TfiK DisiNiisoiMTiov Vinmi.cis oi Aciimi’m. , 

History. —Tt was I'aily known that aednium produced a i.ipidli decaxim^ 
emanation, which ^ave use to ladm.ntixc' d(‘posiis upon siirioiiiKlin;^ 
objects The luoihuii tlu'oiy of the atomic dismteuiai ion of iadio.u*ti\e 
eleiiieiits was pul forwaid m IDO.'l In teims of this theon, Uutheifoid, m 
the HakenaiJ laaTmc loi 1!)01, uaxe the aetiimim senes as lollows 

6 0 a 

/' 

Klcinont . . Ac -> \( \ ’ -> VelOm -> \f \ — > -> An*. « mil 

Halt pel lod . .T 7 spi s 41 mins 1 inm‘> 

The CMstcnce of itc(nnuni-X was assumed bv jmalo|.'y with the uraiiium 
and thorium senes The as^m^ptlou that the emanation i;.ne use to an 
active deposit, actinium-A, whiih was tr 2 lU'^fol med into another (‘Icmmit, 
actinium-B, and that this in turn was ttaiisfoimed into a inm-i.idioactne 
and stable olement, actipium-C, was based upon AIiss [hooks’ study of the 
fictinium active deposit ^ 

Whlh the publication of the disiiiteui.ilion theory, the \iew' arose Unit 
the a-partieles emitted in radioactive ebauLms aie char^M-d atoms of helium. 
Although tins view was not definitely established until IDOS, its piobahility 


Aiior voii Wi'Uhioh, hx cif 

- DchaTiie, ("outfit teiul , 190ri, 141, 383 , Ann U/o/a , 1911, [ix ], 2. t'7. 42S. 

- Kiithoifonl, /Vo/ Ttans.y 1905, A, 204, lf)9 ' 

‘ Miss Brocks, Phil Mag , 1904, [vi ], 8, 73 
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\\as(jiiir‘kly when m 1003 aii^l Sojldy lliomi- 

timious jiidilurlioii ()1 IioImiiu fi(»in ladimii Th(‘ m(»\\ (li of lu'lpiin licin Mctmium 
\Nas ol^.-'Ci M'(l ])y Di'bii nip ^ in und conliiiniMl li\ (I'lcsi'l- in 10<)7 

Jii lOO.") (loillcwhl.i ‘ and iiid<‘pcndriill\ diM*o\i'nd lln* ini''hinjj; 

ok'iiiont actinium X (hall ]k' 11 oi 1 KI d.i\‘') (hidlowski's h’sii 1|'>> nidic.itcd 
lliat lln^ (‘han^'(‘ fioin aclinniiii 1<» .udniinin \ is a ia\h*'-'' oni- In lln* 
fol]()\MiiLr ><Mi, ho\\(‘\i.‘i, ll.ilni' diMo\on‘d lliat Uk.* ia\ltss « li.iii'n' is fioin 
aclnnmn lo a new (‘Icnn-nt radiOactinium (lialf-iicnod 1 0 a di\^). wliu'li 
expels a-iii\s and ]iass(‘s into aclniinni \ 

In IJtOS Hahn and Meiliun ’’ dis«o\(Mi‘d that the lianslm inalioiis of the 
acllVi' deposit piodmed li\ tin' ileea\ ot aeliiiiilin i-inaii il uni aie inoie 
eoni[)le\ than h.id been hitlnito siijiposrd 'I hen Mewa ini the di eiadatuiii 
of tlio de})(»sil may he thus snnnn nisrd 

ti $ 

/ / 

ICli imnit . . AeA A' 1» \iiJ 

ll.ill jit iiotl Its imtis ‘Jir»iimis r> 1 niiiis 

3'he aetue dcjiosit, ho\\e\ei, has ]no\i‘d to he s(ill inoii' eoni]iI(‘\, loi in 
the same \eai 11 run son ■' (liseo\eii(l that tluM'inan ition jiunlini > i" ils ih’eay 
twice as inan\ apaitieles as do(>s the aetui* deposit it jnoihiu''^ In amn'd 
anee ^Mlll llie pieei'din-r si Inmie foi the ileeiadalion ol aeinniim \, this 
means tli.il each <itom of emanation t‘\ol\ts two a paitndi ^ m its deioni- 
])0silion 'I’liis fail was <‘onliiini'd h\ (Jeie<'i and Mai'-den m I'lKk Tin' 
explanation was -nppheil h\ (leinei'' in 1011 Tin' emanation hie, iks down 
Wllli tli(' loss of one a piitieh' pel atom dei omj>oseil into a lu w '•olul i-li'innit 
x\lneh (ltca\s with extiaoidm.n \ lapidih, al^o losin;: one a paitiele pel .ilom 
deeomposiiiL', .uid he< onnm: tinisfoinud into the element pii\iousIv known 
as aetiij^nm \ (lenjei iliteimined the hall ja'i i«'d ol the new (‘leim nl to 
he only OOdJ seunid, and \lo''t le\ and F.ij.uis,'" ^\ho de\elopid a hmlily 
accuiate iiutluid loi miM.sHiim: sm h a shoit peiuxl, ohlamid »v,nll\ the 
s.une lesiilt O’he new c lenuMit w.is railed aCtiniUIll A, tlie I lemi'iits 
])i'eviousl\ known as aetinium-A, 11, t\ and 1) ie'i)eeti\<‘I\ 1 m me lenaincd 
actinium B, C, D, and E. 

The lohiioiiiii, howe\ei, doi > not eiMnpletel\ di*'(‘nhe the I i.in''loi matiotiR 
ol tlie .n-tne dejinsit In ItMip Mile llkin-piK s eoneluded ih.il admnini-O 
(Iheii ealled Aell) ^a\e use to two kinds (tf o laxs Ihi exjun imenlal k'shUs 
haxe not lieen eonin mi‘d,* ' hut tin* expei iments ol Maisden and olliem lea\e 
little doiihl tliat actiimim-t'. is lomjilex Tlie ai.ixs it emits haxe lu-eii fonnd 

^ Dolm-iiic, f*ompl /* /i<f ,]'»•).'», 141, 38J lo.i lull o\|'> mn'Mildl di‘l.nls, mc !)i 
Amt r/iiis., liUl, [iv.J, 2. 4^ 

^ Gii-sd, J!<'t , Utn?, 40, t'.Oll 

(Judli'wski. /7o,' J/.f./ , lOO'. 10 , ‘hh 37 :* , /:a/f If a! So ri,fr..w^ ]{m, \) 265 
* Gioscl, Ja/irli RudmaKtiv Lltl.hinnK, 1 3."iS 
0 Hahn, ]i<i , 1 yak 39, DiOfi, I'fftl *V'"r Pj'i'i, \\i ], 12 , 241 , 19i>7, |m 1, 13 , 1C5 , 
(■/ L*’vni, iht'l., [\i ], 12 , 177 

'■ Hahn and Moilni'i, J'hifbikitl /n'\ h , 1908, 9. d-lO, Olh , ll.din, ihu! , 10, 81. 

’ Hrensnn, J’/nl Jl/fuf., 190.*', [\i], l6, -91 • 

® Gtaei’i and M.iisdwn, Vhihihitl Zeifsih , ]9ln, ii, 7 
'J dcigiT, r/nl il/a^ , 191 1, [ 1 J 22, 201 
MnsVloy ukI Pajans, ihid., 1911, [\i ], 22 029 
" Mile. lUaiupiieb, Compt. icnd , 19"'', 148, 1753, 1"10, I5f, 57 , Ir R.t.l uui, 1909, 
6 , 230 , 1910, 7, 169 

12 Sec, e.g , Moseley and Fajans, loc cd , Vaidei ainl Mui^d- 11, intc injia. 
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to bo of two kin<ls, thoir ijuiltos in air boiii'r 5 j and O-IT) onis , the latter only 
aiiso fiom 0 1 j to 0 20 poi ocnt of the atoms inidriuoinn (’haiiyo ^ The o\- 
j)l.iii;il ion IS asfollo\vs -Aotiniiiin (‘ bicalvs (1 o\mi m t\^o diUbionl \Si'i\s, in one 
of which .111 a ]).iitRh‘ ol r.iiiiri' T) t cm^ is e\ohcd and .‘ictiiimm-l > ])ioducod, 
while 111 the other .iiid slowei metlmtl a /i-particle is <-\olvod aiirl .a new olrMiioiit, 
tilCtilllUni C , 1'^ piitdiKed I'lu' lel.itne anioimts of AcD and Ae('' piodiieed 
are as U!) S;') is to 0 17, .iinl the new eleiiH'iit drca\s at .ilmost e\.ieLl\ the same 
rate as aetiiiiiim-A, with the emission of a-ia\s of i.anue 6 lo ciii'' 

In nHJ (’h.'idwiek and Russell- announced the OMsteme of an clement 
intcimi'diate bi'tween radioactiniiim and Jietmiiim-X ^I'liis w.is denied by 
llahn anti Meitn(‘r,-‘ and subscfpiently Chadwiek and Ilii^^ell ‘ withdrew' 
their el.iim Tin* actninim senes, .is it is at [)ies(*nt known, is at (•ordmjjjly 
as iiidie.ated in tin' follriwin;^ seheim*, in whieh the ii.iluie of the radiation 
from each jiiodiiet is also shown — 


a ft y 




Alt/ -'I'luKO 

/ 

Ac -> lltiAt — > Ai \ — , Ac Km - • A Ai It -> Act V „ 

•\ /’ 

Acl 1— >cml(0 


The a-, Py and ^--radiations. \etinmm, when t.mlull\ liei-d li(»m it.s 
puidnets, iH found to emit no detts'lable p- and y-n-ns, .uid to (>niit a-i;i\s 
to .so slight an extent that the jilu'iiomenoii is j)iesiiiii:ibl\ due to tr.ii’("-> of 
it.s jnodiiets fn olhio woids, the eh.nmo fioni .letinmm to ladio n t imiiiii 
is .1 layless om* '* Six .n'linniin piodnels, m/ i.idio.mt iniiim, .ulmiiim-.\, 
actinium (Mnan.itioii, aetniium-\, a(tiiiinm-(\ and .k i inium t df'civ with 
the emission of a rays, one a-paitieh* beim; c\pflh’(l jK'i atom fl('com])osed 
The tnuf/eii (in « ms } of these aiay.s in an at N T 1’ aie .i> IT.iIowm by 

\ai joiis ('\j)('i imeiitt'is - '• 


! 

I ll‘ 1 \c 

1 

\cX A. I III 

\. \ 


Ai ( ' 1 

(ii ig( 1 .iiid Null ill ‘ 

All V I'l, Hess, .111(1 1’.im 111 ** 
V.iidi’i and M.iisilcii '' 

M 'Coy and Lem. in 

1 4 ."ii 

t 0 .ind 1 ‘>7 

1 1 17 

1 17 to 

4 01 r. '2" 

0 10 1 

. 1 J 

1 .ss 

1 ’ 

i 

on i 


’ AI.umIch uml \Vils(wi, I'M t, 92 , ‘J'.» , AlaiMlcii .iml I’-ikiin, /‘h'l Mtuj , i9ll, 

fvi ], 27 , oUO , Vaiflci aud iMuisdi’ii, ilud , I'M 1, [m ], 28 , 818. 

^ Cliadwiik .01(1 Russell, Xafine, 10]J, 90, 4»>.t 
^ n.iliii iind Mcilmi, J'IumIhI /eihch , 19i:3, 14, 

■* Kiisscll iLiid Cliadwidc, Phil J/m/., 1914, [\i ], 27, 11‘J. 

^ n.iliii. Bn., loot), 39, lOOri , llnl Mo't , 1907, [m 1, 13, Ittc . T.'-.iii ifnd , 1006, 
fM ], 12 , 177, Halm aid JiotliciilKicli, /’hy^ihtl Xeit.th , 191.5, 14. l''9 Accfiidiii^' to 
S .Mr}ci, Hi fs, and Pamth (ride mfni), li<»w(\ci, acliniimi (iiiilso m\s o( i.iii^'c3 .'5.8 cm'' 
111 .111 at N T. P 

" The- range 111 air is diirctly inopmtitin.al lo tin' .'iIkoIuIc tcnipciatuic and nnci'icly 
propoi tion.il to the jncssuic 

’ Gcigci and Nuttill, Phil. Maq.^ 1912, f\i ], 24, 617 

* S. Mover, Hess, and P.uieth, Sifzunq.-ib>'i . K, Akad fTiss. fPini, 1914, 123, 11. n, 14£)9. 
® Vardoi .ind Maisdon, Phil Maq , 1914, [vi ), 28, .Ol.S 
W ‘Coy and Leman, Phi/i. AViv^w’, 1914 [11 J, 4, 409. 
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Tliivo ineiiibcis of tlu' snu's m/ ijulioacliniinn, ;i( tiiiiiiin li, aiwl 
1‘niil /i-rays Tin* n.iluK* <»f flu VI' i.i\N li.is Ikm'11 vImiIikI l>y 

V.ll lulls jlllN sli Isls , ^ lliosi' iMlllt ll il li\ l.l'llu.w t lllllllll . 111(1 .l( 1 imillll r» ll.lM' M'ly 

litllo pi iicli.itiiii^ ])owci Av-oci.iti d willi tlio /j !.»>'' )-ia\S ll.ulm 
iK‘l lllllllll acl 11 1 II I in 1 > ciiiit \(‘i \ pciK h.it iii'j y la} s, ami .n t iiinnii 1* lilo'W iv(' 
cinit^i l^llll^ jiiiwci ml y i.i\ v |{.iilii»!i(‘(ininiii .iml acliiiiiim -U .ilvii i iiiit l.iiily 
weak y i.'i\s, \\liil(' in .nMiliuii lo this .n iiinimi !> (‘mils m'i\ iVi l)li ^ i.i\n - 
It will ))(' olisi'i \ cd tli.it ladiiMi I imiiiii iimlsliutli «- .md /j i i\s Only 
one otlici i.i'liu i*l( im lit i> known to do tins, \i/ i.idnnii 

Rates of Decay. 'rin‘ N.mons inciiiluMs ol the aclnninn scin s »lilli i 
gicall\ in sl.il)ilil\, lilt' li.dl pi‘i lods \.ii \ 11114 lioin \(‘.iiswilli .u l iiiimii itself 
to lSS<sda\sin tiic t‘asi> ol i idio ii l nnmii, and to 0 noj v,., ond ni lliciasi' 
of aclinmni \ 'The piiiivi- i.itc ol cli. 111141' of actninmi ilvcll is iintiiown 
Aceoidnii: lo Soild}, lioW(\i‘i, it> pciioil of .i\(i.i«4(‘ life piolnliU di'i's not 
(3Xt‘(‘i‘d .1 IiiiikIk d viis, and Mim ( ‘111 ii* ’ li.is m.uli* obsei \.itions wliidi pond 
to a ]ii'i 10(1 ol onh tlnilN sc.ii' Il dioiild tluMi'lom I'o jiossililo to olivcivc 
tlio iriowlli of atlinimn I’Ih f.n 1 lli.d tins has iiom'I lurn done su^ui f'ts 
the I'Mstf'iM'o of an iiiti 1 im di.iti' loiii4li\(d piodiiei hetwei'ii .nlinnini and 
radio.ictinunn 'I'lu* 111. iHi i. liow(‘\« 1, is still oliscnie 

Th(’ { \), /(III I / 1 Hot/ {'\')^ nt»l <it II I hh (I*) 

of each ol the inciMhi-is of I he .Kinnniii snies aie i^ueii in lln' IoHowiiil: 


talde (I’ 

Kh iiieiit 

i/,\ 1 11 

A('t' ) ' 

IT) - 

1 

■■ 

1 II nil III 

• ) ' 

1 

r 

Ktilii. i* liiiiinn 

1 1 lo • 

Hs.,Iu. 

. M < 1 1 \ s 

\> lllllllll. Ii 

“I’l 1> ‘ 

1 . II Him 

1 'Ol Ills 

A( linnmi \ '• 

07 III 

II >.ll<l\- 

I'l s.I.ns 

Vdihiuiiil 

.C) .s 11' 

' 1 lull V 

: 1 iniiiH 

Ein.ni.ilioii*' 

1 7 , 1'. ' 

' i » .IV, , 

> 1 . I.S. . V 

Ai ( 11 . mill Id" 

•2 4f. lo 

1 , 1 II. Ill 

0 ..Diiiiim 

A( til Ill'll 

all. 

II inl.. M. 

vt, 




J 


In the nianinm aiel thoinnn sein*' the followmu, einpnnal Ml.dionship 
h.is lii‘( 11 dls(o\eicd th(' lolled the lieiiod ol tin eleim id tin' -hoi lei the 


’ Sic II 1I111 11,(1 M(iliiti /f I II 1 9 (il'' ''''7 <> ' "n I!i'N'i. Jhdin, 

and Mciliici. Vd:{, 14 Ucl.wdvi, 1 /( 0 /, Im I 10 '.V', iTf), 

Lcmii, i III , r-i'i,, [m ], 12, 177 

“Sii Ili.tliMl.-id .Old Ri. liii I ..11, /’/(./ 1 /-'/ ltd Im). 26. . I’ and W M 

Si.dd\ and lJuv.ll, I'.iK, \u], 19. .ti'. . IS. • 11 in<l V .^..ddv, ihvl , inll,[Mj, 

21 13 f', lllls-r 11 and Ui.nlwi' k, I'di 1 m 1, 27, 11- 
M'li. ( inn II H'Iiii' ... 1"11 8, 3 

^ M Coy .iinl 1 j( nnn, l/nn II I'd I, |ii ] .p 1 “'' 'f Hahn, /A I M'l'f , lt'<d, 

Im I, 13 ll) 7 i. II din md Ih/l In nl- ■( I., /'-d/ d// / ,'• h .td la'i 

M C..\ .ind J.Mn.iii, rims, III' /, •' / , I'd;, 14, IJ.'' >. .md ... - / ■/ Co.llcwski. 

riiil Mii'i I'lc'*, Im I 10,' .di . d.i^.k hn , l'.Mi 7 40, I'dl II dm .ml Ih.t In nha- li, 

/... i.t 

'• I’ 11 I’cikins I’li'f d/.w , ltd 1 , |vi 1,27 7 ‘dO,./ II. 1 . nine, / (.////■/ ?.('/, l'"d 138, 
111 , H.din .md Suk.n, lin , It").'., 38 ItJIt Mi M I.cdn, I'lii! Mu-i mrj, [m J. 
24. 1337 , ^ 

' and l'.ij.ms. riii! Mu, 1311 , |m] 22, r-ji* , (Jm^m, ihi.l^, I'lH. [m.], 

22, 201 * 

“ Jl.din md Mcitini, /'//'..//'(/ /f,' Ji , 1'""', 9i Ol** -/ *li - 1 IhM 1/'"), ) 

Itmi, [m 1 . 8 373 II(-^ .\if II iiishn A .ll-nl Huts II mi lt»ni,Il6 11 -(. 1121 , S 

Ml \(‘i .iiwl \(in S(jliW( idler, i'. ./, 1'").’*, 114, n (( lit? lli.ins.iii, „////*/ ./ Sc 
19,18.0 

'' IJalm ninl MiiIiim, /(»r c, Miss Rmuks, Inc ii( 
i** Kovinik, rUysikul Znf^^h , 1311 , 12, 83 , r/ Il.dni .m-l Meitnoi, tor .-it 
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r.uj<^<‘ of its a-piirticlofl at NT. I*, and if the logantluns of the ranges are 
|)loUed against the logaiithins of the radioactive coiiHtaiits or periods the 
points he on stiaight lines 111 eacli ‘^eries (the (leigor-Nuttall Law). To this 
rule 111 the aetiniuni st'iies ladioaetiniiini constitutes an ('vception if (Jeiger 
and Nuttall's \alues for the ran^^es aie accuiatc, according to M ‘Coy and 
Leman, however, tlieir value foi iadio.i(‘tiniiiiii is too high, while Meyer, 
Hess, and Paiieth state that this eleineiit gives a-ia\s of two diHeient laiigi's, 
an indication that the actinium senes is inoie complicated than it is at present 
thought to he Ap[)lied to actiiiiuin the nile indicates tliat the \ allies of 
A, T, and P must he almost nlentieal witli tho^e lor aeliiiiiim-A 

Fiom the peiiods heie given it is possible to calculate the inaimer m 
which the a- and /Lrav activities of actinium, i.idioaetinium, and actinium X, 
initially fiee from any othci ladioactne elements, \aiy with thi‘ time, jiro- 
vided the ladioaetne piepaiatioiis lose none of IIumi ladmaetive [irodiicts 
through loss of g.iseoiis email. ition , e\peiimental and calciil.itcd K'siilts are 
111 good agi cement The a-ray activity of actmium, niili.ilh /oio, de\ clops 
as the picp,ii.ilioii is kept, slowly at fust, then moie iapidl\, ami finall} more 
slowly again, leachmg a limiting value after foni montlis, when the aelinium 
and its pioilmts aie in ladioactne cqinliliiium ^ With ladioactinium, the 
tt-ray activity uses to a mavnnum ol about 2 25 times the* miti.il \.ilu(‘ in 
.seventeen d.iv.s ,uid then dniiniishes, the rate of deiM\ soon .ij)[>ioMmaling to 
the e\[)onen(ial \alue for ladioaetnnum and )>eing pi.ietic.illv complete in 
four montlis The /J-ray acluity vaiies simil.iily, its m.i\imum bi'iiig i cached 
in about twenty d;iys.^’ 'I’he a- ,iiid /viictivitics ot puie acliMiiim-.\ use 
to their m.ixiinum ^alm's in al»out foui houis, ;ind Uumi decay at a i.ite which 
ultimately hocomes exponential with tlie pciiod ol aclimiiin-.X.’-’ ’ ‘ 

Separation of the Members of the Actinium Series. 

actiniiun in.iy be scp.ar.ited liom its ji.uent .iml its pioducts by a'ldmg a little 
thorium s.ilt to an acid solution of lh(> aetmuim pt(‘[).iialion .ind boding witli 
an excess of sodium tinosulpli.ile. The pieiipitated tlioiiiim b.isic thio- 
sulphate eaiiies with it tlie radio.ictinium '' Il.ihii," who oiigm.ited tins 
thio&uljih.ite method, added no Ihoiinm .s.ill, .iiid he ilcseiibisl the sep.iiation as 
uncertain, probably his actnninn cont.iined a little thoiium To (Misuiothe 
purity of the iadio.icUinnm, the jneeijat.ile may he dissoKed in h\(lio« hloiie 
acid and leineeijMtated by sodiiim thiosnlpb.ite IiisU'jid of adopting llie 
thiosulpliatc melliod for .sepaialing the llionum and ladio.icLinimii, the 
hydrogen ])eio\ide method (p 520 ) ma\ be used''”'^ It the addition of 
thoiium J.S uiidesiralile, a little zaiecminm may be adiled and the tbinsulpbate 
method employed'* By fiactionally pieeipitating an aetniiiim solution with 
nminoina, radioaetnniini eoneeiitrales in the fust fi.ictums" 

Ac(niHi?n-X may bo sepaiated from ;i solution of an aeLniiiim prcp.'iiation 
by precipit-itioii with ammonia, which leaves the actniium-X in the iiltiali'^'^ 


‘ Hahn, /Vn/ Xa<j , 1907, [vi ], 13 , Hi.’i 
“ ILihu and llollifnlHudi, rhiisiLul ZntsJu, 1913, 14,409 
Al‘(Joy and Li’iimh, ilml , 1913, 14 . I'JSO. 

* Levin, Mag , 1906, [\i ], 12 , 177. 

iiVoy and Lcrnan, IViys. lUricw, 1914, [11 ], 4, 409. 

" Fleck, Tram. Cheni. !Soc , 191. J, 103, 381. 

Hahn, Ber.f 190b, 39 , 160a ; Ihysikal Zcifbrh,, 1906, 7i 85i> , Thil. May , 1907, [vi ], 

13, 105- 

* M‘C«)y and Leman, P/njsikal. Zeitsch.^ 1913, 14, 1280 
" Hahn i.iid Kothcnhich, ibid , 1913, 14, 409 

Godlewski, rhil. Mug., 19u5, [vi.], 10 , 35. 
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To ensure the rcinovjil of actinium and ladioactinium the filtiiito may be 
acidified and iqjrccipitatcd liy amnioiiia after the .uUlitioii of a little feiric 
salt * The lilLiate is then evaporated to divness and the lesidue ipniti’d to 
expel the aetiiiiiuii “.lelive deposit,” or the aetiiiiuin-\ is ii'iiioved from 
solution by co-pieeipitatioii with baiium sulphate- l'’ieedoin fioin aetinium 
IS piohabl) best ensiiied by growinji the aetiniuiii \ liom jmie ladioactnnuin, 
and aftin a suitable inteival of time removinj^ the re.sidu.il ladio.ietiiMuui as 
has been piiniously di“senbrd ‘ 

Actnuiim t'uuumUnu niav bi* leiiioveel fioni attmiuin soliilious bv passing 
a rapid stieani of an oi otlun* eas thiouiib it The enian.ition is also evolved 
with great l.icility hoin most solid aeliniuiu pieiiaialions, pai I leiilarly the 
hydioxides Tlie iiMoaikalily lapul rale (»r deea^ of the einaiiatioii and the 
leadiness willi w Im h it. is 4‘volved make il e.isv to denainstiate I he emanat- 
ing power ol .in .aetinium pieji.nation b> iiieiely hohling it ovi'r :i l.iige /me 
sulphide seii'en in the d.iik. 'I’lie emanation streams .iw.i> and illuminates 
the seieen, and as the emienl'^in the .nr blow the emanation .iboiit so the 
screen becomes illuminated in dilleiint plues 

Aetna UHntrt ivf' In mi‘W of the exei'ssivelv luief lifiMil .ulniium A, 

it cannot be isol.iti'd and studied like au oi<1maiy i.idio eh meut. In all 
oidinary vvoik, .K limiini em.in.ition .ind .Ktiniiim \ .let loiiethm a ^ one pro- 
duct Jly then dei.iv, .leimium Ik 1>, .md (he (Mid juodiicts arise 

Collectively tlie\ aie teimedi the “.letive deposit,” since they aie pioduecd on 
all objects with whuh the (iii.in.ition comes into contact 'I'o ''e])aiate the 
active deposit a cm lent ol .m l.iden w ilh emanation may be }).m ''''1 d tlnoiigh 
a metal cvliudcr piovided with <i nu'l.d eh'ctioile hc‘l<l axiallv in jiositionand 
nisukited fiom llu'cvlmdei l>y lubbei sloppms \ poli'iiti.il dilleieiiceof about 
.'’)() volts IS maintained between the ceuti.il eleeliodi* aial the < ylmder, the 
latter being iiositive to the foimci The.ictivi* deposit then eolleets on the 
neg.itive •!(.( tiode The vield is ne\( moie th.ni 1)5 pm cent ’ 

The inaiiiK 1 in whudi the n i.iv .udivilv ol tin* “active di'posit ” vanes 

with the tliin* depmids upon how long i-» taken to collect tin* dejiosit If 
this does not exceed ten sceoiah, the .ntivitv mcnsises slighlh with the 
time, le.iches a maximum m seven minutes, and tlien (hs ii'.isi s, the decay 
soon becoming exponenti.d with tho [>eiiod of aetinium-lk tin* longest lived 
element in the depo^lt If the liiue t.iken to eollei t the dcjiosit exceeds 

ten seconds the initial use in its e i.i\ aetivitv cannot be olMuved ' 

Actinium 11 is moic vol.ilile th.iii aitmmmC W h(‘n tin* active deposit 
IS collcctisl on a platinum wiie and hc.iled in air, actinium D begins to 
volatilise at 10()"(',andis comjdeti'lv vol.itiiised in ten minutes at 750 C, 
ill four minutes at 900 (’,oi ni about hall a minute in the blowpipe llaine, 
when aclinium-l) IS also vohtilised Aetinium C is not peiee{)tibly volatile 
below 700’ C ” After having b(*eii \olatilis(d in air, aetmiuui-D becomes 


^ Ildliii and Rotlirnhai’li, Ph'isditl /nl'y'h , 191 k 14 , II 19 
= and Leman, Phijs. Jbv»,r^ 1911, (11 1, 4 , 109 

^ M'l'ovand T/inan, Physilal 7.>ifsrh , 19111, 14 , llihO 

* On tin* lielifivnnir of tin* aetiM* deptiSit 111 an cl'rtiic lirld, si-c Mi'^s Phif , 

1901. [m ], 8 , :i73 , Russ, iln>f , 190.S, [\i 1 , 15 , M)l, 737 , K-nncdy, if'nf , 19ii9, \\\ ], 18 , 
744 , iM'l.(*nnan, ihi(/., 191‘J, fvi ], 2 \, 370 , W.-ilnidry tlmt , TM:>, ( vi 1, 26 , 381 , lauum, 
ibid . 1914, [\i 1, 28 , 7i)l J , 1911, [w ], 38 , TiSO. 

'* Miss^iiioks. /Vo/, .l/ir./ , 1901, fM ], 8 :j73 

® S. Mbv'oi ainl \on Seliwi'idk’i, Hitzungsht r K Akad If 's.*? 'U v n, Itins, 114 , ii. a, 
1147, Levin, Phystkat 7 , 81*J , Halm and Mpitin*r, ihid , 19"8, 9 , 049; 

Schtadci, Phil Mug., 191-, [vi.], 24, 125. 
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much less volatile and may be cozidonsod on a surface at 1000*' G. ; this is 
presumably due to oxidation of the element, since the phenomenon is not 
observed in an atmosphere of hydrogen.^ Exposure of the active deposit 
for ten to fifteen minutes to bromine vapour increases the volatility of 
actinium-B, as also does exposure to chlonno or liydiogeu iodide. The last 
two gases, however, cause actinium-G to become more volatile ; in fact, after 
treatment with hydrogen iodide, actmium-C is more volatile th.in actiiiium-B. 
Exposure to hydrogen chloride docs not affect the volatilities, but if the 
active deposit bo then treated with water, ncaily all the actmnim-B is 
dissolved, but no actmium-0 Actmium-B is very readily dissolved by dilute 
acids ; immersion of the active deposit for one minute in 0 COIN hydrochloric 
or sulphuric acid causes 80 to 95 per cent, of the acLinium-B to be dissolved 
and practically none of the .ictiniiim-G ^ 

The actinium active deposit may be dissolved in boiling hydrochloiic acid. 
By electrolysing this solution between platinum electrodes, jiart of the actniiuni- 
C may be deposited on the c.itliode.- A much better and simpler method of 
separating the actiniiim-O from this solution is to have it nearly neutral, 
heat it to boiling and iinmerso a piece of sheet nickel m it for a few minutes. 
The actinium C is deposited on the nickel Actmium-J) may be withdrawn 
from the solution b}' shaking with animal chaicoal, m which it is adsorbed.* 
It IS best prepared, however, by the method of ladioactive lecoil. 

An atom of actiniiim-C, ol mass 210, loses an a-jiai Licit*, t e. a charged 
atom of helium, of mass 4, when it disintegiates. The heliniii atom is 
expelled with a velocity of 1 89 x 10^ cms. per second, and in accoulaiicc with 
the second law' of motion the residual atom of aetnnum-r), of mass 20G, must 
recoil (just like a guiiiecoils when it dischaiges a proj(*ctile) with a velocity 
of (4x1 89 i0'^)/20G or /I fi7 x 10’ cms. pei second. The acLmium-D as it is 

produced lias accordingly a kind of “ nascent ’’ volatility and feeble penetrating 
power Since the a-particles are dischaigcd m all jiossible dircwtions, so 
also do the atoms of actinium-D recoil m all directions, and if an excessively 
thm layer of active deposit is collectcil on a smooth, caicfiilly polished metal 
surface, 50 per cent of the actminm-1) atoms pioduccd in its decay may be 
expected to recoil nonual to and away fiom the pl.ite. 'riio recoiling particles 
carry iiosilive charges and deposit preferentially on a negatively chaiged 
surface. Accordingly, by placing the metal plate carrying the active deposit 
opposite the surface on which the actininm-l) is to be collected, both being 
contained in an evacuated vessel, and establishing a suitable potential difl'or- 
cnce botw’eon active deposit and receiving surface, it is possible nndei good 
conditions to collect almost the theoretical yield of actiiniim-l) ^ 

Physical Properties of Actinium Emanation.— Actinium emana- 
tion is a gab which so far as is knowm does not enter into any chemical 
oombination. At - 120" C. it begins to eondensc, and condensation is 


^ Schiader, loc at. 

* Miss Brooks, Fhil, May., 1904, [vi.J, 8, 373. 

^ Mpitner, Pkysikal. Zeitsch,, 1911, 12, 1094. 

^ Halm and Meitnci, ikui., 1908, 9, 649. 

** Hnhit a!i(l Moitner, loc. ctt. ; Kov4hk, Phil. Mag., 1912, [vi.], 24, 722 , Wood, ibid , 
c 1913, [vi.], 26, r»83 ; Flock, Trans. Chem. Soc , 1913, 103, 10r)2 The recoil ineLliod is a 
‘ general one for preparing the pi oducts of a- ray changes. Some curious early obseivations 
on the decay of actinium active deposit (S. Meyer and von Schw'cidler, Sitznngsbcr.^ K. Akad, 
IPisA. \V%tn, 1905, zi4*it a, 1147, 1907, 1x6, ii. a, 315) were ultiinatcly traced to con- 
• taraination with actiiuuni'X which had recoiled at the moment of its foiinatioii (Hahn 
_ Phytikdl, ZeiUch., 1909, zo, 81). 



ACTINIUM AND ITS DISINTEGRATION PRODUCTS. 


45 ] 


complete a.1 -150' (J, jigioLMu^' iii tlie^e re!»pocts extreiiiL'ly closely with 
thormni euuiiiitioii.* It ks iwici- us soluhh* in water us thoiium enuination, 
and SIX tinios as soluble us i.uliiiin cinunution 'I'hc ttjllow mg, us solvents 
for actinium emuiiuliou, uie .iiiuuged m lucicuMiui oiib'i of absorbing 
power, sutiiiatcd poLisMiim (‘liliuule solnlKni, wub’i, suljilmi ic u( nl, .ilcoliol, 
ammonia, acetone, ben/uldeli\ile, biMi/ene, luliumc, potmloiiui, uihI carbon 
disulphide. The <Mninatujn is stioii'^ly udsoibcd b\ cocouuut i ii.iiroul at 
the ordmaiy tcmpei.ilun* " 

The r.itc of dilbisioii of the r munuliou in x.iiioiis gases has bt'en detci- 
mincd by sevciul «»bs«>i\eis with lesidls (jf doubtliil \.diie tioiu llie jioiiit 
of view ol ealculiilmg the molet u\ii weight oi llie elimination ‘ It is very 
improbable tliat the oidin.nv laws ol gu^eous dillusion <‘.111 bo u[)plied to 
the case ol an cmossim'Iv nnniito aieouni ol omaiiation (lil]n''ing iiilo a 
relati\ely eiioi moils .inidiint ol .ino(hr‘i gus l'')om ( oinji.ii.il i\o i \[ieiiiiu'ntH 
on the aetmiiint .uid thoiium om.iimitions (in tin' eaii\ing oiit of whieh 
various houii es ol po.ssihle ei 101 in iIk* woik o| ]»i<‘\ion> e\|ii 1 imonlois wtTe 
detected), Miss Lt she • CMiii lnd» d lh.it these two oni.m.il ions li.ivo moleoiilur 
weights that ai(‘ luMili eipi.il, and i( is known that the \alia‘ hu tlioimm 
enuiiuitioii IS * 2-0 J Maisdeii .in<l Wood * ha\o deb'iminod Iho nM>leeular 
woiglit of aeLiniiim • m.inalioii l»\ .1 lU'w rlillii'‘ion inelhod in wlinli e.is other 
than the emaiialjon Is ])i ('sent onl\ m mimile amoimis 4 'ln 11 expeiimeiils 
lead to a \.iliic of ahoiit 2 .‘h) foi Iho molcdiku w light, and tlih losult is 
probabU l,iiil\ aeuui.ite, sm< o hebiome'’ li.is doviseil a iiu'lliod which is 
based 111)011 tlio sanu' thooK Ik . d piiiK-iiiles .is that of Marsilen and Wood, 
and by its Use obt.niiod a \.«lne ol 221 ior the moleeiikii wiight of ladiuni 
emanation, tlie eoiurl \.diio In mg ollioiwisi' known to })o 222 

Chemical Properties of the Members of the Actinium Series. -- 

The aecount alitad\ eiMai ol llw piop.ii.ition .nid piopoilios ol aotii nm 
leave'^ lil^e doubt as to 1 be tei \aleiie\ ol (b.it eh iiieiil in I Ol il) St 1 oinliolin 
and Svedlioi'g" ('\amiiiod tin* oIk mu al natuie ol xanoii.’^ ladio olonii'nl.s by 
crystallising s.ilts fioni t boil soliilioiis ami soiing whollioi 11 k‘ ladio oleineiits 
sepaiati'd witli tin* ei or not In this maiim 1 lhe\ loimd tli.il aotimum 
was i''omoi'[ibous with l.inlli.iiiitm, aoliuium \ witli lie alkalini* (ailh metals, 
and r.idio,u'tinium with thoiiiim A physii o ehomio.d mollioil for deteimin- 
ing tho Mileiioies of the ladio olemi Ills was deiised in lOl.'i bv \oii llevesy** 
who found that actinium i" ton. dent and uctimniiiA is bnalont 

The ehomical jiiopoi tu*'. oi aetniinm and se\oial ol its pioduits li:i\e been 
carefully examined In Fleck,'' wiUi tlic lollowing results Aitinmm is so 
similai to mesothoiinm 2 lh.it when once mixed, i homical moaiih l.iil to effect 
anv separation of one fioin tlie other ,Siinilarlv,iadio aclininin isi liomically iQ 
distinguishable liom thoi inin, and .letinium i>, .lotimiini f .ind .lelininm Daro 
identical in •■benneal propeitios with lead, Insmiith, .iiid ihallinm lespcrTively. 

The chemical identity ol two elements IciMiig dilh-ioiit aton’iic weights is 

1 Kiiinsliita, VhiL Ma<i , [m ), i 6 , r.il , tf Ih-niMt. L>i lliuliuiii, 1008, 5, 41. 

“ Von Uevesy /ntvh I'.M I, 12 , 1211 

T Dobiciiie, Lt' ihuhim, 1007, 4 , JlJi , I’.niluit, tbid., lO'^'O, 6 , 6 / , Covi}<t. rn\d., 1909, 
148 , (>28 , Russ, /Vo/ Muq , 19119 , [\i I 17 . 412 • 

■> MissLedic, Phil M<tq , 191*2, hi 1 24,6*17 

^ Muibdpii and Wood, /Vo/ Moq , [vi J, 26 , 918. 

“ J)('buTuc, Ann Ph}f^.. 1916, 1 5> 

’ Stiuihliulm and Svedbcig, Zeiisih anonj Chem , 1909, 61 , ; 63 , 19?. 

8 Voii Hevesy, Phd, Muq., 19J3, hi-J, 25. 390 , 1914, [vi.], 27 , 556. 

• Fleck, Trans. Chem. -Sot., 1913, 103 , 381 (Ac, RaAc, AcB, AcU), 105*2 (AcD). 
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a very startlin'^ discovery. The preceding results are only a few of those 
that have been cvpuiimcntally investigated, A group of filciiiciits which aie 
chciiiically uleiitical is called a group of isolo]jes or isotopic elements The 
isotopic groujis, so far us they have been e\perimcntally examined and i elate 
to members of the actinium senes, aie as follows — ’ 

(i ) lladioactinium, thorium, radiothorium, loniiini, and iiianiiim-X. 

(ii ) Actinium and mesothoiium-2 

(ill ) Actiniiim-X, ladium, mesolhoriiim-l, and Ihoiium-X. 

(iv ) Actitmnn eman.ition and the eman.iti()ns of ladiuni and thoiiiim, 

(v ) Actiniiim-H, lead, r€idiuni-l>, tliorium-H, and radium 1> 

(vi.) Acliiiium-C, bismuth, ladiiim-U, tboiiiim-C, and radiiim-K. 

(vii.) Actinium-I), tlialliuin, and thorium D 

The idiMitily of isotopes c\1ends to then electio-cliemical behaviour. 
Actinium- B auil actinium for instance, are cleetio-clicmieally identical with 
the B and ineinbeis of the thorium and ladiuni series- 

With the lecognition of isotopisin it became possible to assign the radio- 
elements positions 111 the Bel iodic T.ible, for it was s<‘en that two geneialiulcs 
could be flamed (i ) An (‘humuit formed in an a-ray ebange (/ c. a mass 
change} dillers in valency from its parent by two, and so oecuiiics a position 
two places bi'limd its paient {i.e m the direction of diminishing mass) (ii ) 
An (‘lenient loimi'd in a /?-iay change (i c. no change in iimns) dilleis in 
v<ilency from its paicnt by om*, the ^all‘ncy inereasiiig in the change, tlic 
product accoidiiiglv occupies a position om* in advance of its paimit By 
th(*se rules the mcmbeis of the ui«inium .iiid thoiimn stu-ies may be jiliced in 
position since lh(' stai ting-points for tlioiium and uranium an' l<nown, and it 
is found that a grou]) of isotopes occupi(‘S one space in the IVriodic Table 
In the ab.^ciice ot detiuite knowledge coneeimng the oiigin and atomic W’cight 
of actinium, the aetmiiim senes must be placed in [lositiou in jigcordanec 
with the piiiuiph' of isotopy, and it must fuither be assumc'd that the ravlcss 
change Ac— >Ba(’ follows tlie /^-lay lule * The actinium seii(‘s then falls into 
Mendehsjir’s table as follows - * 


(jl(iU|) 

0 . 

’ 

1 

' 

- 

3 

4 

r, 

6 1 7 

Fourth long [d'i nxl f 
(0«ld senes) 1 

i 

An 

Hg 

T1 

1 AcD 

ri. 

' AcE ! 

ih 

AcC 

AcA 1 

AcC' j 

Fifth long pom 1(1 ( 1 

(Even acncp) \ 

Xl 

AcEm i 


Ka 

AcX 

1 Ac 

Th 

RaAc . 


u 1 . . 


Origin of Actinium. — Actinium is a con^taut constituent of uranium 
minerals, and it oceuis in them m amounts piopoi tioiial to tiieii uranium 
contents It is therefore hard to resist the eonclusion that actinium is 


^ Soddy, The Chnmshy of the Radio elemeiiff, (Longmans A Co , 191 1) pt. ii , p 14. 

® Von Phil. Maij.y 191 J, [vi ], 23, »)J8. 

This hiA» also to he assn lin’d loi tin* i!i}l(*ss change MsTliI-^M.sTliII. 

A shoit account ot modem woik on tin* liu'ory of atoniio stiuctuie and its hearing on 
tlie periodic classificiilmn and tin* positions of the ludio-olcnionts is given in this senes, 
Vol I pt. 1., pp. 276-282. Koi a fuller account, see Soddy, opus eif 

^ BoltwoocI, /V/ys Review, 1906, 22, 320 , Aaier. J. Sn., 1906, [iv.J, 22, '587 ; 1908, 
[iv-l 2$! 269 , M'Coy, Phil. May., 1906, [vi.], II, 177 ;.M ‘(Joy and Ross, J, Amer. Chem, 
/Sue., 1907, 29, 1698. 
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derived from uniniuin. Tlio a-vny a(‘hMty of the actmnini piodiK^s is, how- 
ever, very small in compaiison with that of tlio uianmm-r.wlmm aeiics of 
products m tlie same nimei.il (p 111 ) RiUherfoid ’ acconliuiil) 
that some niemher of the iiianiiim ladmm soiics nndei^ocs diMiih‘u:Kitioii in 
two ways, so tliat fioin that niemher onw aids the uianmm di'.mle^iation 
series branches into tw’o sneh senes, one of winch contains ailmiiim and its 
piodm ts Tt would sallice to account for the ohsei\od results if iilioul H p(‘r 
cent, of the dismte^iate<l manium followed the actinium luanch senes - 

Passing ()\ei the eailiei sujij^eslions as to the piccise jioinl at whuh this 
braiieljiii}' of the uranium series occurs, and Mewin*; the [iiobleni in the li^ht 
of iiKKlern kno\\h*d^r‘, rt is seen that if foimed by an aiay chaiiLii', .u tinium 
isdeiued fioiM a homoloiiue of tantalum, .ind if foinird li\ a /j ia> change, 
it IS dciuisl fiom ladium or an isotope ol that (‘lenient * Tlie juoduclion of 
actinium fiom ladium has Iummi disj»io\('d *’ No isotope of i.idiuin dt'iived 
from uranium is known Sucli an element would exist il ionium luoki' down 
111 two ways and a-iais wt'ie emitted in each lIo\\e\ei, no ;ic(inium could 
be ib'tected m a com enti.ited ionium pK'paiation fom \»ais aftci it had been 
made'' So fai as a iadioa(‘tive homolomie of tantalum is conccined, the' 
element brevium oi uianiumA., is tin* only one known, but its sli at life and 
abseiu’e of a-iadiation c(*nipletcly neuatne tin* \iew th.at it is tin' ji.iient of 
acLiiiium if, then, aetiniiim is foiim'd in an (i-iay eliang(‘, then' is an isoto]HJ 
of bieviuin still to be diseo\eied It has be(‘n sought in pilcldihauh', with 
negative results, but th«‘ie is no ecit.unfy that the ehemic.d methods used 
would have isolated it ' The inissnig clement mieht aiise fiom iu.mium 
or ionium bv a /^-i.iy change, but tin* lattei is unlikely in \u‘w ol the failure 
to pioduce .letiiiiuin liom nnnum Another alt(‘in.itive has bei n piojiosed, 
and im'Ots with most fa\oui at the piesent time (l‘)|t)) 1 niiiiim I or 

uranium 11 breaks down in two wa\s each of tin* a lay type, juoduimg 
uiaiiium X, or ionium on tin; one b.ind, and ui.mium-Y *011 the other 
laanium-V, by a /^ray change, p.isscsinto the missing homologiie of tantalum 
^Plie e\istenc(' of uianium-A" was announced by Antoiiox in I 'll I, and is now' 
fairly well (‘stablishcd \s>vummg llie bianclung to slait lioin ni.iiuum II, 
the uiainum senes will then ho .is follows 

a u 

lo->fU-»( tc 

o 3 rt a 

/; // /( w; 

Uil->UiX,->UiX,-.lTiII 

^ \ Ha 
a ^ 

l"iY-.l'|-'Ac->ctc 


^ Rutluiiford, liadunu'tiVA 7’/ ((/is/f//?/itt^wns ((’(instable, 190<bi ]*• 17/ 

2 lliitli(Mli)i(i, Radioiutivc Hub'tfanccb and tlvir Itnduilinus {('.inilniilgc IJiiiv PiesB, 
1912), p 52.t. 

' M'Cey and Ross, luc at , Soddy, Phil Mag, 1909 , [vi ), 18 , 7.J9 , (,/. Nicholson, 
Naiaie, 1911, 87 , TilS 

^ S(jddy, Chem. Nnta, 1913, 107 , 97, Jahrh. Ilodtoakf v Ekktiomk, y)i:j, 10 , 188; 
Fajans, Le Jladunn, 1913, lO, 61, 171 , />r , 1913, 46 , 122. 

* Soddy, Nature, 1913, 91 , 634 • 

« Gohiiiig, Physikal /edsJi 1014, 15 , 642 ’ (h-hniig, h> cd 

Halyi and Meitnei, Phiii>'kal ZnUck , 1913, 14 , 752. 

» Antonov, Phif Man , l^'ll [m ] 22 , 419 , 1913, [vi J, 26 , lO.IB , Fh(k, ihid , 1913, 
[vi.], 25 , 710, Soddj, ibid , 1914, [vi.J, 27 , 215; Hahn .ind Mcitnci, Phgstkal. Zciisch., 
1914, 15 , 230. 



'454 


ALUMINIUM AND ITS CONaENEBS. 


There is reason to believe that the branching proceeds from uranium-TI 
rather than from uranium F. The two alternatives lead to the respective 
values 226 and 2. ‘10 for the atomic weight of actinium Now for a group of 
isotopic elements it is the rule that for a lay giving members the stability 
increases with increase in atomic weight, w'lule for fS-r.iy giving members 
the reverse is true. The actinium series falls in with this rule (to wdiich, 
however, there arc one or two exceptions) much better if Ac = 220 than if 
Ac - 2,‘10i 

Atomic Weights of Actinium and its Products.— Until pure 
actinium .vilts arc picpared the chomical equnalont of actinium cnnnol bo 
directly measured, and until more accuiate ineasunMiients ot the molecular 
weight of actinium eimwiation are obtained, the accurate atomic w’cight of 
actinium cannot be calculat(‘d from that of the emanation If actinium arises 
from uranium-11, as has been supposed, it should clcailvhavo the same atomic 
weight as radium, viz 226 0 (or 226 2 if calculated fioin U =. ‘J.'l.S 2 and 
He = 4'00) , on tlie other hand, if it arises from iiraniiim-1, the atomie weight 
should be 230 0 (or 2.30 2) Assuming the origin of actmium fioin iiraiiiuni-IT, 
the atomic weights in the actinium senes w'lll he as follows — 

Element . Ac UaAc AcX AeEm AeA Acll Acd AeC' AcD 

Atomic w'eight 226 226 222 21S 211 210 210 210 206 

End Products in the Actinium Series. — The nature of the product 
arising from AcC' by tho expulsion of a-rays is (juite iinkiiown, but it should 
bo an isotope of lead. This product, however, onlv arises from 0'2 per cent 
of tho parent actinium, tho remainder of which uUimabdy passes vid AcC by 
an a-ray change into Ael), thenee by a ray ehango into another isotope of 
lead. The natuie of this piodiiet, AeE sav, is also (juite unknowm, since it 
emits no (loteelahlc radiation It is of great inteicst to determine whether 
AcE is stable or not Its most probable atomic weight, as has already been 
explained, is 206 or 206 2, say 206 1, the next alternative being 210 1. 

Now the ultimate end product of uranium through the ladiuin series is 
a stable isotope of lead of cakulalcsl aloiiia* weiLdil 206 2 (fiom U = 238 2) 
or 206 1 (from Ka=-226 0), say 206 1 The atomic weight of “lead” ex- 
tracted from uranium imnoials pra<*tie<illy fiee fiom thorium is always less 
than 207 '2, tho atomic weight of lead derived from noii-radioactivo sonrccs,^ 
and in the cases of (i ) a cryslallim* specimen of ur.iiiiuito from Africa and 
(ii.) a crystalliiu' sample of hroggerite from Norway, Ibmigsehmid and Mile. 
St. Horovit/ Miavo found Pb = 206 01 and 206'06 rc’spc'etivcly, i f tlie value 
for the end product of tlie urannun-iadium .senes But if ahtuit 8 per cent, 
of this “lead” came fioui the actinium side-branch, and AcE = 210 1, tho 
" lead ” should have an “ atomic weight” of 206 42. Hence, if AcE = 210'1, 
it is an unstable element, and disiutegiates while the end product of the 


' Fajaiis, Le lUniiuni, 1913, lO, 171 ; Phynkal Zutscli , 1913, 14 , 951 ; rf., however, 
Richaidsoii, Phil Ma(f , 1011 , fvi ], 27 , ‘252. ArTiuding to S. Mcyci, floss, and Paneth 
{Sifzunosher. k Alad If'iss Wien, 1914, 123 , ii. 1459), when the logaiitlims of the 
radioactive constants (a) uie f»loitcd ugunist tho logarithms of tho langos of the a-rays at 
N.T.P. tho pcint‘< ho on a stiaight line which ciU.s tin* ooiiosponding hue for the iiianium 
series at TJIi, indicating the geno'^is of aetinium fioiii th.it elomcnt. ^ 

® Richards and Lcinhcrt, J. Amer. Chem. Soe , 1914, 36 , 1329 , Mauiicc Curie, Compt. 
rend., 1914, 158 , 1676 ; Ilonigschmid and Mile. St. lloroyit/, ibid., 1914, 158 , 1796 
^ Honigschnud and Mljc. St, Horovitz, Afonalsh., 19J6, 36 , 355. 
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uranium-radium series aocumnlates.^ Tf, on the other hand, AcK -06 1, 
no conclusion as to its stability can be drawn from this line of argimient. 

Should AcK rIowIv decay ami emit /irays it uould pass into an isotope 
of bismuth, and if this wcie stable, the atomic weight of bismuth extracted 
from uranium minoinls would not be 208, but would appioach, ^ J 

206 or 210 1 Ins is a matter that is deserving of experimental study 

Detection and Estimation of Actinium -For tl.c»c topi. stl.o reader 
must be referred to the literature ^ j 

Summary -The properties of atdininm and its disintegiation products 

are snmmaiiscd in the aecompanymg table 


^ Hnlmesaml P/.-1 V.uj J''’ ! rUv-M. ZtM., 

2 Soc, f q , Ihiltwood. Amu J S< t , T'OR, lo I, Z5. , jaa 

1911, 12, 1094 , v(in ll«-\csy, ibid , lOH, 12, 1218 , IhimsaiUT, Le R . , i • 
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ox\« Idol id«‘, 25.5 

pliospll.lti , l.ll 

j pi iliiKM \anid(‘, 1 51 

j si'lrn.llo, 4 11 

I - - siilpli.ili', I'h* 

I'.Aimi, imMiiimi of l<im, 21*5 
K.tHhcmx.iic, lm.‘, 121, 123, 129, 132. 
K.iilhs buck, 11’* 

Kuths, laic mu* I'.ullis 

I’.k.i .iluminium, 1 1 1 
Kkahtium, 2'»5, 20*5 
Kill! nation, 105 
Enunium, 4 11 
Kmeiald, 01 

oiii'iild, 70 

Kim i y, 70 

Kn.iim-ls, Vi lainic. 1 50, 1 '3 
! Knolish poici-laiii .S^-r* <-lmia wain 

Kihia, 25*», 4.17 

scpai.ilion o(, fioiii laic lmiUis, 350 

, Kihiiiin, 137 
ato'iin wi'Uiht, 213. 

detection, 3i)5 

csliiiiatimi, 3<)8 

, histoiy, 24i2 

Iminof/cm it\ , 353 
■ oi'CUiK’Uci*, 217, I3i. 

- — plOjK’ltlCS,' 137 

1 bpeoLium, absoiptimi, 291. 
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Erbium spectrum arc, 308. 

cathodic phosplioiescence, 304 

llainc, ‘.iOS. 

rplloctioii, yjtl. 

siiaik, 303. 

X-iay, ‘AV2, 3»i.i 

valfiK'}, ‘2‘U 

Eibiuin ciMiipouiidh, 437. 

niiialp, 437 

oif^iiMic 'iiill'i, 437. 

‘J73, 437 

oxiilp (ses(jin-), ‘27)6, 4 > 7 . 

(»\\p1i1ou(1p, ‘2."».'). 

jM'i<)\i(lc, 437. 

platiiuicyiiiiido, 272, 437 

splcniLc, 137. 

siliootungstalp, 23h 

suljih.ito, 260, 4 >7 

tuiif'sUtP, 265 

Kidiiianiiitp, 221 
Kuiopia, 256, 127. 

spparalum of, fiom laie paiths, 316. 

Europium, 426 

atniiup WPiglit, 211, 213 

di'tPPtuin, 365. 

obtiinatioii, 368 

liLstoiy, 225. 

horiio^joiioity, 358. 

0( puiicncp, 217, 4J6 

spoctrum, abviipUoii, 2''0 

aiP, 308 

paliiodic plioHphorcscpiife, 300 

IPVPISIOTI, 201. 

sjiHik, 30S. 

X-iay, 312, 363. 

— v.ildipy, 23 J. 

Eui opium coiiipouiids, 426. 

clilondp, 2,'i2 

eLliylsulpliato, 278. 

orjfaiiip 427 

oxide (sps<|ui-), 2.'>6, 127. 

suI)p1i1oii(1p, 426. 

sulpliatp, 427. 

Eu\piiite, 220 

Faie.nck, 121. 

Folspais, 92 
Fergusoiiitc, 220. 

Fireclay g(jor]s, 121 122 127. 

Klupllitp, 63 
Fluoboralts, 22 
Fluobono iiPid, 21. 

Fluoperite, 221 

Fractional ciysUiHisation, etc. ^ee U.iip 
earths, sP|i!ii!ition Ironi oiieaiiothd 
FuHpi’s eaitli, 120 
FunriPe, merpuiy are, 10 

r, 228» f 

^adolinia, 256, 427. 

»- — separation of, fioiii laio'carlhs, 346. 
Gadoliiiite, 220 
Gadolinium, 427 

atomip weight, 244. 

detection, 366. 


G.uiolinium, estimation, 368. 

histoiy, 226. 

homogeneity, 358. 

occuiience, 217 

bpectruin, absoiption, 289. 

^rc, 308. 

catliodn phosplioiescencp, 301. 

I spaik, 30S. 

I X-i.iy, 314, 363 

I - — valency, “211 
1 Gadolinium com pounds, 427. 

acclate, r2}s 

- boiatp, 282. 

biomide, 255, 427 

--1:4 2 - biomimiLiobcnzciicsiilphonate, 
, 281 

-eaibonate, 128. 

cbloiitle, 252, 427. 

• (lull hie salts, 427 

p-dibioiui'bcii/i nesiilpIiDiiate, 281 

Jimi tli\ IplmspbaU', 281, 

ctbylsulpbale, 278. 

- lluoiiiit', 252, 427. 

give<»lbile, 280 

- - liy<ho\i(b*, V27 

, iiialoiiate, 2^0 

- iiitiaU*, 2o7, 428. 

double s ilts, 2i.S. 428 

I — 7 »-iiit ioIm ii/t ill siilpbon ill , 2'^1. 

j uiganie salh, 28'), 2''1, 12' 

I — oxalate, 273, 12S 

j - oxide (si si[m ), ‘J.'tO, 427, 

oxyebloiid(‘, ‘265 

I — platnioe^aiiule, 272, 128 

j - s(‘leiiate 2ol, 428 

i - -selenite, 128 
I — silieotuiigslate, 266 

I sulphate, 260, 127 

basic sul])bate, 2t)3 

! - -- sulpbnle, 259, 127. 

- vanadate, 428 
G ibnite, 77 
G.ilhum, 1 13. 

aloime weight, 116 

(Ictcelion, 140 

estimalioii, 149. 

bistoiy, 143, 

moleiulai weight, 146. 

oecuiieiiee, 143 

- picpaiatioii, 141. 

piojieilics, 145 

sjjeetium, ‘2, 3, 1 16. 

valency, 116. 

' Gallium, alloys of, 1 17 
G.dlium conipouinls, 1 17. 

alums, 4, 1 48 

I - — bioinides, 147. 

- — cblondcs, M7. 

bydroxnle, 148. 

iodides, 147. 

- -nitrate, 148 

oxides, 147, 148 

silicotungstale, 148. 

Hulpbuto, 148 

Bulpliid^, 148. 
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Canister, 123. 1 

Gainets, 93 I 

Oibhsite, 73 
Glaueophaiic, 97. 

Glaiikfirlynmim, 2‘29 
Glazes, cernnnc 1 ‘21, 1*29 
Grapliituibuiou. 97 
GrossiiKu , 93 
Ginuj) III, imiiibois oi, 1 

cinni>aiatut‘ slu{i\ nf mcmbois ' 

of Olid Mibgimiji, 2. 1 

HALL(nMrn, 97, 103. 

Haimotnie, 97 
Haii}iiite, 91. 

Hcllandite 2*21. 

Hercynile, 77 

IToulaiidili-, ''3. j 

Hiddeiiite. 91 * 

IlielnutP, ‘2*21 ! 

Hnliiiia, 431 I 

seiui.ilioii of, lioiii i.ne r.aillix, 3r,n j 

lloliiiiuni, 431 

- - utonui weigli 1,211 

detection, ! 

estimation, 3*)S j 

liistoiy, 220 

oeouiu nee, 217 

- -- sjieetuim, .iltNoi|ili<(n ‘."tl, 

aie, 

spaik, •<»'> 

- - Mileiiev , 2‘n 

llolmimn oxide, Ml j 

llolniium s dis, 4 n 

HydiaigiUite./! 

IlydioWnoiis, 10 10 I 

Hydrollnoboiie ai id 2<) ' 

TI}])olioi all's, 23. 

1n( OdNlTlIM, 30 1 

Iiidalis, ir.9 

Indium, IftO 1 

atomie im luin, ir»2. 

(letdlioii 1()3 

l■sllnlallnll, 163, 
liisloiy, IfiO 

- inoleeular vi'iolit 1 •! 

oceuiienii' loO i 

j)i( ]i 11 , limn, ITiO 

- - - ]»iojH'ilies l.^il ' 

s|)eetiiiiii 2, l.'il ! 

x.ilemy, iri2, l.'ii j 

Indium allojs, 15.0 I 

Indium loiiij'itiiiids, 

aeetylai i ton iti , 102 

- - alii}! compound'', 1 

alums, 4 loO 

- - - biorniiles 1,57. | 

caibonale, 162 j 

chlorides, l.'iti I 

- - - chioniate, 162 

- -cyanide, 1()2 

fluoiide, Ifii). 

hydi oxide, 1.59. 

iodate, 158. 


Indium Iodides, 1.57, 1.58. 

nioljbdate, 102 

niti.ite, lo2 

oxal.ilo, loJ 

oxides, 1 i;,;i 

iixybioimde, l.’w. 

iixyebloinle, I'l? 

- peicliloiale, 15S 
plii'sjdi.ile 162. 

)di()'jiliiili', li)2 
jdalinocx.inide, lii2 
sob'll. ill', lol 

- SI bind.', 161. 

scli'lillr 161 

sdii oliiiio,,t.ili-, l</2 

sulphati, 166 

sul])lilib , T'O 

‘'Ulpbiti vlt.isK ), 166 

telluilde. 161 

tiingst.iie, 16*2 

iiianale, 162 

— x.iiiadate, 16*2 
loiiiiun, 3ii3 

IsDinoipliism oi .KiiiMiiM. ,Liid bintb'ininn 
s.ills, 1,51 

of aeiinium X ,ind .ilK.iliiie 1^11111 metals, 

silts ol, 151 

of alkali nil lals (jintiissnini, lubidiuni, 

and c.esiuin), .iminoinum and 
th.illium salts of, li,5, 171, 180, 
IM, 1S9-19.5, 1"7 

ol uluininnim and indiMiii, 1.51 

lit alnmiimnii and b'lin nitiales, 88. 

ol .ilniniiiinm ,ind nitliennim aeelxl- 

.11 1 lonates, ‘>2. 

- — oi .iluiniinuiii I liiomiiim, I'olialtii ^nd 

li'l lie doubb "X dull s. 91 

ol .dunnnnim, (Inoiniiim .iiid tunc 

ii'ides, 70 

of aluininiuiii, o.dlMiin and iiidinm 
silieolnng'.l.iii s7, 118, 162. 
of aluminium, oillmiu, indium, and 
tliallie .Hums, 1, 82, 1.52, 101^ 191 
of baiinm i.diinin, and laie eailli 
clement lliioiides, 234. 
of liisinutli and i.iie i.iitli elements, 
salts of, 2“,1, 235 

— of I alciuin, b ad and i.iie earth elements, 
molybd.ili ’> and tnnosl.ilos of, *234 
of ea'biniii, slioiitinin, tlioiinin, and 
laie i.ulli ilemcnts, ulieolniiost.itea 
of, *2 51 

— ol indium and non oxides, 1,58 

of indium amr seandmm rlb}l- 

snlphaies, 1 

— of indium, siandiuni, and leiin; acetyl- 

aeetonat* 1. 162. 

ol ladioaeliinnm and llminiin salts, 

451 • • 

of laie eai li elenirnts .'salts .l)«s^tli 

one anolliii, ‘2.5»i, 261, ‘2n I 269, W*2, 
273, ‘279. ■2.S] ‘282. 

Kaoi.in, 104,' 105, 118, 119 
Ka|liiiite, 94, 97. 



478 


ALUMINIUM AND ITS CONGENERS. 


Kftolinite, action of hout on, IIS 
Ill .lays, lOf), 107. 

Ki'ilhfiiiile, ‘J'il 
Koppilc, 221 
Kosimuni, 

KiiiizitP, 94. 

L\i)RAii()Kiin, 92. 

Lintli.inu, 25o, 400 

hcpaiatioii of, fiom laie cartlia, 341. 

Lantliaiiitp, 221 
Laiitliaiiuiii, 40]. 

atoniic \\ci}»lit, 241. 

(l('U‘(.tiiiii, 3iiri 

cstimalidii, 368. 

liistoiy, ‘J‘22 

lioiiio^piicity, 3r»8. 

iicciii icncp, ‘21 7. 

pn’juiatiiiii, ‘2'J9. 

- — piopcilips, ‘230, 401. 

- - ^{icetnini, aic, 300 

‘«]»aik, 309 

\-ia} , 312, ;’.63 

- LIiciiiiooIk niKsliy, 400. 

valcnc}, ‘211 

Laiitliuiiiini, alloys of, 101 
Laiillianiini oomiiiomikIs, 401 

- - acetate, 110 

a(;ct}l.ieeloiiHtp, 279 

arscMi.ite, 110. 

aisenitc, no. 

a/ide, 40*> 

1)01 atp, 2{^2. 

bioinate, 206, 106. 

hioniule, 25.'i, 406 

— I- 1 4 2-l)ioiiioMitiol)pn/pnPsulphonalp, 

281 

— caeodylate, 280 
caibuie, 270. 

caiboiule, 271 , 410. 

chloiide, 25‘2. 400 

double salts, 2.'‘i4, 406. 

ebroniate, 109 

p dibioriiobiMi/piiPsulphunatp, 281. 

- ;?-dieliloi(jbpii7eiiesulplioiiatc, 2S1. 

«liinptliylplnispb.itp, 281 

dilliKuiate, 408 

- — oth}IsnlpbatP, 278, 

Iluoiide, 2.'i‘2, 40,'i. 

col late, 280. 

bydiazoatc, 409. 

hydiidp, 2.^1 1 

hydioxide, lo7, 

lodatp, 406 

— - iodide, 406 

— iimlonatp, 280 

molybdate, ‘261) 

nitiatc, 267, 409. 

double st^ts, 268, 409. 

- iiitiide, 267. 

— •— ?u-riitiobeii7eiie8ulphonatp‘ ‘2''1. 

oijjamc salts, 280, 281, 282, 411 

oxalate, 273, 411. 

oxnlocbloride, 411. 

oxide (sesqui-), 256, 406. 


, Laiithaniiin oxychloride, 2r)5. 

• peuliloiate, 406. 

I pei-iodate, 406. 

I [)eio\i(le, 407 

j -- peisulphide, 107. 

I pliO‘<pb.ires, 410 
j - phosphite, no 

I - iil.itinoe^aiiidi*, 272, 110, 

I sebucuto, ‘isl 

' selenate, 2i>4, 109 

- s(denilc, 109 

silieotiiiif'slate, 266. 
suljihate, *260, 407. 

adil sulpliale, 26‘1 

- — basn* siilpb.ib* 26‘1 

<lou hie salts, 261, 408. 

, sulphide, 2.'>9, 407. 

I sulphile, ‘2b0 

ihuM janate, 272. 

[ - - liin{'>.tates, 26.") 

I Lapis la/uli, 91 
! Ija/imle, ‘»5 
I L' pidohle, 93j <17. 

Leuute, 94, 97. 

Lor.iiidite, 164 
, liOianskite, 221 
I Lueiuin, 363 
I liUlei la, 2.' 6, 439 

sepaiaLion ol, Irom laic laiths, 3 

Lule( luin, 139. 

atoiuie ^sciplil, ‘211 

' - deteetU)ii, 369 
! - — est1n1.1l ion. 3t)8 
liistniy, 227 

- - lioino.'eneit}, 3')8. 

OM uiience, 217 

speeliuni, .iie, ‘{09 

I - spaik, 309 

valenev, 231 

Luledum eonipounds 
' — - ebloiide, 252 

' oxide (ses(pn-), 2‘>6, 139. 

I sulphate, 439 

l.}( o|>odiuni, 17. 

M \«.N M.li M, 62 
1 M.if^uesium .ihniiiFi.iti*, 78. 

' Ma^iiesiuii) luFiide, 17, 26. 
j M.i^nesimn iiid.ile, ]f.9 
Majolica, 121 
Malm, 1 18 

I Mannitohoiie arid, S.") 

Mail, 118 
Meil(lo7lti*, h4 
Mcreui^ .11 1 iiiin.ice, lo 
I Metaboiie acid, 30 
Metucenum, 358 
Metd-eleiin'lil' , 287, .'9a 
.Micas, 1)3. 

Miscliiiietall, 230. 

Mona/ite, 218 
Mona7ite aand, 218. 

Moiiiuni, 301 
Montmoi ilium 108. 

Moonstone, 93. 
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^losandntp, 221. 

Mosaiidiuin, 2213 
Muriiinoiititt', 218. 

Musco\itf, 93 

Na< urns, 108 
Naliolitc, ‘13, 97 
Nt;»)ilnl\ nnmii, 22.' 

HIM , 2.")ii 418 

— sc|i.ii dill'll III, liDiii idii‘ • di lli-<, o4l 
NcodMiiiuiii. llh 

dti'Miii wig'll! 241 

di'lt clioii, 

(■"limdlioii, .‘168. 

lii-’t"!}, 225 

li(iini)j'i‘iu‘U\ 

— IK cm u'lK c. 217 , 112 
jiK'luml i"ii, 22'i 

jiiDjH'i lu"', Jlin, 116 

aiK’i tiuiii, ilisoi jiLuHi, 

IIU', 

— — (Mtliiiilic |'li"'-jili<»n s( I in •*, 3<>i) 

Ildiun ‘29.1 

ifllictioii, 2'»2 

s|uik, 109 

X i.iy, :»r2, ‘36.3 

- -- llii'iiniK ln‘iiii''tiy, 117 

— \dlciicy, 231 

N( iiilMimiin ^•^lll|lnmltN, 117 
acot lie (liisK'i, 118 

,iccl} I.u cLiiii.ili 279 

111 oiii.it f, 2.'i(», ll.'^ 

— liKiiiiidc 2.".^ 

1 1 2 - l)ii»ininntiolM‘n/( in''-iil|iliini.ili 

281 

o.icodNl.ili’, 280 
cailtdi , ■27(i. 

iliiuMi salt" 119. 

1 liloinlc, 2fi2 117 

— /Mlilii<iiiiiilicn/i ncMil|ili"ii.ili J'l 

/Mliclilmobi iiz( nf..iii|iliiiiiil» , 2.sl 

<liiii(‘lliyl|ili<i>|ili lit', 281 

Kiilpliatf, 278 

- lliioii.lf, 2.52, 417 
iilliito 280 

— IlMllliln, ‘251. 

— -- ll^ ilmxiili', 2.'i'J, 118 
iodide, 2.'i5. 

iii.iliiiiuti', 280 

iiiol_\ lidale, 2G.'» 

— - ml idle, ‘2<i7, 419 

iloiilile sail'', 208, 119 

— mtiiiJe, 267. 

— 7W-mliol)eii/iiie‘'iilj)liiiii.ite .-."I 

oie.imc s.ilts, 280, 281, 28‘2, 120 

oxdl.ile, 273, 119 

(ix.iloiiitiat(‘, 120 

oxide NrM[m-), '250, 118 

— oxyeliloi ide, 25.5 

jii idxide, 418 

spliaeale, 281 

silicnunig'’tatf, 266. 

sul}ili!itc, 260, 119 

— acid bulidialp, 263 

— basic bulidiato, 263 • 


I Neodvimuni siilplialc double salts, 261, 
' 4i9 

[ snl|i]iii]e, ■2.'i9, 119. 

. lUlllistdlls 21).'). 

I 111 llldtl ,119 

NeoltO'-iiiiinii, .‘l'i3 
j Ni ]ilit lilo, 9 1, 97 

I N( iili.il .iliiiii, ''.'i 

! X» M loiiiti . 97. li'M 

! 

' n 228 

Uliem lase 92. 

Oil lute. 2 IS. 

Oilliolii.iie dinl, .30 

esti is of, .*13 

1 0 Ihoeliisc, 92, 97 

OUM ola/e coloiiis, l.;2, 131. 

I'WDKr.Mil I , ♦» 

I ‘.11 Mil. 12:., 12S 
I’.iiisili , 221 
l‘elllille, 10'‘ 

I’. 1 lioi,it«*s, .5.5 
Vt ilioiK ,11 id, 35 
I’elMlloIioi.lU S, 22 
1‘. mini Its, Of, 

I'liillipiiiiii. 22 1 

nioleiili, 108 

PliosplMiM poit 1 1,1111 ( 'liin.i M.iie 

IMiuspli.iio<;i n-, ‘20'< 

I'lt.ld.lMlde 221, 112 
IM.loioel.is. s ‘>2 
I’leoiMslc, 77 

riiiiiili.if'o eiui ilili 8 1 2‘) 

I*o1m l.ise, 220 

rm. I lain, pliosplialK X'> .( Inna wale • 
1*011 1 l.uie-, 121 
I - use', oj, 122 
i I’oiei l.iins, liaid 
' liodies loi, 121 

' lillltli IM ss ol o 1 1 lie.ili d, I 2 ' 

til iiili ot, 12*' 

! --jrl.i/esloi, 131 
j liaiisIiK en< ^ ol, 12.8 

I Uses o|, 122 

I 1*0101 l.iiiis, soli , 12.5 

1 * 01 1 laud ooii'Mil olnikei. 78 
rutassiuin boiolluoiidi , 21 
I*otiis'-iuiii lijdiogiii 1)010 ox.ildle, 35 
l*oUs-nini h\ jiolioiale, 2** 
rottuN w.iie, (oiiinioii, 122, 123, 1.52. 
ri.isi'odid^ iiiimii, 225 
, l*i,i''i ()d\ iiii.i, 25*'., 11 ) 

' .. - .sopal.iUoli ol, lloiil 1 lie eaitlis, 311. 

, I'lascoih iiiiiiiii, 41 2 

- .iloinie xxiMolil, 245 

I detection, 36.'. 

- estiiiMlioii, 308 
liiston, 225. 

Iioillopelli it} , 3‘'8 

oeeiiiioiicr , 2J7, 412. 

— piepiiiatH'ii, ‘229 

piojioitRs, 230, 112 

spectiuiii, absorption, 288. 

— i — arc, 310, 
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Praseodymium, sjjoctniin, cathodic plKi<.plior- 
csccncc, 29i). 

llumc, 

rt'llcclioii, 292. 

.sjuik, UlO 

X lay, 312, 363. 

thcimochcmiKtrv', 413. 

valency, 2 Jl, 412 

PiascufUniium coiiijioiimL, 112. 

a( ftiitcs (lusic), 112, 116 

acctylaccimwiir*, 279 

hroniitc, 2')t), 113 

hioiMiilc, 11 i 

1 4 2 - bronioiiiLiubcnzoiiCfaiilplionatc, 

281 

cacodyliitc, 280 

caibidc, 270 

— ^ carbonate, 271, 416 

doiibb* wills, 110. 

jj-ilibi<«in"licnzi‘neail|ilionalc, 2''! 

;j-dii’hloii)ben/(‘nfsiil|thon.ilc, 281 

dimethyl pliosjilmtc, 231. 

diovidc, 114. 

— ciithKiii.itc, nr». 

ctli} Niilpli lie, 273 

nuond'S 2f)2. 1 13 

^lycollatc, 2‘'0 

hvdndc, 2.’)1 

h\(lloMilc, 11 1 

iodide, 26.' 

rnaloniite 280 

— - niol^bd.ile, 266 

Ill ti. lie 2i>7, lU 

donl)les.illh, 2».S, 116 

mtiide, Jb7 

:: III iiitiiiheireiiesulidion.ite, 231. 

oi^Miiic silu, 2.30, 281. 2S2, 416 

_ — ovalate, 273, 110 
ovule (sesiiui.) 23o, 113 

— owcldoiide, ‘2 >'* 

o.\\sulphidi', 111. 

— pel oxide, 1 1 1 

pu-idphidc, 114. 

- si'b.ieiile, 281 

— -sidemite, 264, 116 

selenite, 11.") 

silieotnnostate, ‘266 

sulj)h.ite, 2t5i', 1 1 1 

acid snipli.ite, 2o3. 

-- basic sulj)bates, 263, 112 

iluiiblo s.iUs, 261, 115 

— snli.liide, 2.69, 111. 

lun{''.t.iles, 26.6. 

Piiccitc, 6. 

Prioiite, 221. 

Pyioboiic acid, 30 
Pyrochloie, 221 
Pyiope, 93. 

Pyioirtiyllite, 97, 108. 

' RaDIOACMIMI’M, 146 

atomic weight, 161. 

dciiiy, lati of, 417. 

histoiy 41.6 

picpaiatiuii, 448. 


Kadioiictiinnm, pi()])citie.s. 451. 

i.idMlion, 44li 

R.idioaetiviLy ol laie eailli iniiicials, 221. 

Kaic oarLli met ils • 

atomic weigh s, 231 

numeiieal results, 24.3 

pi nctical methods, 239 

ceiium gioup, ‘219. 

( l.issilu .ition, 2 16 

dell ction of, 366. 

- — — eihinni gionp. ‘240 
estimation ol, ‘JoS 

-- history (it, 221 

. homogeneity, 3.68 

- ocelli U'lici', 217, 317 

piisitinn in IViiodic T.ihle. 2}‘', 

246 >* 

- piep.iiiituin, 220 

- - pi.ipeitics, 2-10 

v’jiiiiatioii fiom othi i met ils, 367, 
nrii) 

— sell il oi’dei, 32.6 

- - -pec 11 a, 2.V2 

- - alisoi pllnll, 2"' ! 

.lie, I!I>3. 

c.ithndu ]>hosplioicscenec, 
291 

. . _ . Jl.iin,-, 292 

j U'lln tion, 291 

I - ii'M'isiiiii, 203 

sp.iik, 30,6 

I \ uiy, .312, 36‘i. 

j leilmini gionp, 219. 

I uses, 312, 

-\alem\,231 

1 \ltiinm gn )i]>. ‘2|o 

I 'Scr iiho lUii e 11 llis 

Kill I mil metiils, eompouiuls of, 2.6n. 

I - . - _ icet.lLes, 272 

,icet\lai 1 toii.iLis, 279 . 

liorales 282 

Inumales, 2.66. 

1)1 oinides, 2:65. 

_ _l 1 2 - himnoiiiliol-i lizciit sul- 

phoii.ites, J**! 

I e.ieodilates, 2 SO 

— (Ml hides, 270 

1 .iihonates, 271 . 

clilondes, 2.)2 

double s.ilt--, 2.64, 

cliiom.ites, 264. 

— - /j.(libiomobcnzcnesiil|)liiin.ites 2.81 

-- - /i-dichloiobeiizem siil])]ion.i1eh,‘2.''l. 

— dimelhylphospliates, 281. 

cthylsiilphates 278, 

foini.ates, 272 

1 gl} collates, 280 

! - h} dudes, 251. 

I - hydi oxides, '259. 

I - -- - mdates, 256. 

I - — loduh'S, 255 

- nialoimti ", 280. 

- — molybdates, 2t)5. 

nitrates, 267. 

double salts, 268. 



SUBJECT INDEX. ''IWf? 


Rare earth metals, uitrides, 267< 

Tiitntes, 207. 

j/i-nitroben/enesiilplioiiates, 281. 

oxalatcb, 273. 

double salts, 277. 

oxides (sebiiui-), 2.')6 

o\yclil(»iidL‘<<, 255 

phosphates, 270 

platiiiocyaiiides. 272 

sebjicates, 2^0 

solenates, 264 

selenites. 264. 

silicotun^'Btates, 266 

sulphates, 260 

acid sulphates ‘2i 3 

liable sulphates. 2«»3 

dtuihle salts 261 

sulphides, 2fi9. 

sulphites, 260. 

thioi yanates, 272. 

thiosulphates 260 

tungstates 265 

double s.dts, 265 

UietutungsUtes. 266 

,SVe aha under the eoinpouiids «»f 

the vaiious luolals eeimiii, d>H- 
prosiimi etc 

Raie eaiths 

detection and estiuiation in lockb, 

370 

evtiaelion lnnn niiiieials, 317, 

370 

.sejiHiution liom thoiia, 319, 371 

See abo Raie eailh metals 

Rare eaiths, separation fioni one anolhei 

analjtieal methods, 371 

• bismuth, use ol, as si'paiating 

element, 327, 349, 350 

cerium eaiths separation lioiii one 

unothei, 311. 

t rom I eibium eaiths 341 

lioni Mtiiuni eaiths, 

338 

■ electudysih, se]»ttialioii hy, 343, 

355 

fractional ciystallisation, 323. 

fiactional decomposition, 322. 

fractional eloctrolysib, 348, 366 

fiactional preeiiutation, 322, 323 

fiactional siibliin.itioii, 322, 354 

fi-actionalioii, 322. 

by chemical equivalents, 329. 

by magnetic susceptibilities, 

330 

by spectroscopic obsen ations, | 

3‘31 I 

control of, 829. 1 

groups, pieliminary sepaiation of 1 

I are earths into, 83S. ' 

methods available, natuieof, 322. 

— — separating elements, use of, 327. 

— — summary of useful methods, 367, 

368. 

.* — terbium earths, se|>aratioM liom 

cerium earths, 841. 

’ VOL. IV. 


Raie eaiths, teibiuni eaiths, seiiaration from 
ono another, 346. 

liom yttrium earths, 

340. 

yttiiiim eaiths, separation from 

cciiiim earths, 388. 

tioni itiio another, 360 

hom t Cl hill III earths, 

3l<t 

Raie earths sc])aiation, liaclioiml ciyslallisa* 
tioii ot 

acetates, 351 

acetylacetiniate*!, 351, 

bioinatcs, 340, 342, .148, 350, 351, 

355, 356. 

carbonates, doiihh puiassium, 842 

chloi ides, 341 !4b. 3 18. 351 . 

ciliatcs, 34b 

dinicthylphusjdiatc.., 341, 148, 

350, 352. 

cthyl-ulphatcs. 34U, 342, 847,3.50, 

351, .3.5.5, 3.56 
toi mates, 347 

nitiutes, 311, 317.3.50, 361,366, 

357 

double ainniMiiium, 341,845 

rhnihlfi magnesium, 310, 341, 

34 1,347 :54" 

double niangiuiesc, 341. 346, 

347, 3:.0 

double nickel, 347, 360. 

doiihle sodium, 341 

m nitiobi‘i)7.eiiesulphonateH, 342, 

347, 361 

- ox.ilates, 342, 317, .366 

double amnnmiuin, 361. 

piciates, 342, 347, 361. • 

sulphates, 339, 342. 

Raie eartlis separation, liaetioiial decom- 
positntn of ; 

niliates, 343, 863, 356. 

.sulphates, 356 

Rare earths Beparation fiactional hydio- 
lysis III 

niliitcs, 364, 355. 

phllialates, 864. 

Raio eaiths sejMration, fractional jirecipita- 
tion of . 

arsenates, 363. 

azides, 353 

.'izoheii/enesulphonatei, 

3.53. 

— caciKlvlates, 353. 

campnoiates, 863, 

chiitmates, 348, 362, 

356. 

citrates, 363. 

cobalticyanides, 368. 

dimethyiphosp^ates, 

36» 

forrocyanides, 362. * % 

* formates, 341. 

glycullatCB, 863. 

hydroxides, 348, 348, 

' 352, 356, 366. 

- 31 



IXTJMINIUM AND ITS CONGENSRS. 


Ran earths separation, fractional precipita- 
tion of {wmnued ) : 

iO(&tes,°363l^366?^^’ 

lactates, 341. 

— mothylpboaphates, 363. 

— — nitrobenzoates, 358. 

jihenoxyacetates, 363. 

jihoaphates, 353 

phosphites, 3.63. 

scbacatcs, 363. 

— stearates, 348, 352. 

— succinates, 352. 

sulphates, double 

sodium, 339, 348. 

sulphites, 353 

tartiates, 353 

tungstates, 353 

Reotoiite, 97, 108. 

Rinkite, 221. 

Risorite, 221. 

Rowlandite, 221. 

Rubidium borofluotide. 21. 

Ruby, oriental, 70. 

spinel, 77 

synthesis of, 71. 

2, 226. 

SS, 226, 296. 

Sal sedativuiu, 7. 

Sainaiia, 256, 423. 

— — separation of, frcuii laic eaiths, 346 
Samarium, 420. 

— — atomic weight, 245. 

detection, 266 

— estimation, 368. 
history, 224. 

homogeneity. 358 

occurrence, 217. 

preparation, 229. 

properties, 230. 

spectrum, absorption, 289 

— arc, 310. 

cathodic phosphoiescencc, 300. 

flame, 293 

reflection, 292. 

- - nvereioii, 291. 

1 spark, 310, 

— A-ray, 312, 363. 

thennochemistiy, 421. 

valency, 231. 

Samarium compounds, 421. 

acetylacetpnate, 279. 

borates, 262, 426. 

bromate, 266,' 422 

bromide, 256, 422. 

1:4: 2*bi'omonitiobenzenesiilphonate, 
281. 

ca^odylate, 280. 

— - - carbide, 270.*' 

-♦ — carbonate, 271, 424. 

double salts, 424.. ' 

chloride, 262, 422. 

' donble salts, 254, 422. 

siibchloride, 422. 


Samarium chromate, 424. 

dimethylphos]>hate, 281. 

ethylsulpnate, 278. 

fluoride, 252, 422. 

glycollate, 280. 

hydroxide, 423. 

iodate, 422. 

iodide, 255. 

subiodide, 422. 

malonate, 280. 

molybdate, 265, 424. 

nitrate, 267, 424. 

double salts, 268. 

nitiide, 267. 

m-nitrobenzonesulpbonate, 281 . 

organic salts, 280, 281, 425. 

oxalate, 273, 425. 

oxide (sesqui ). 256, 423. 

— oxycblonde, 255. 

I)eiiodato, 422 

- - peroxide, 423. 

])ho8pbates, 421 

plutinocyanide, 272, 42."* 

sebacate, 281. 

selenate, 264, 421. 

-- - solniite, 424. 

siliootunghtute, 266 

sulphati', 2C0, 42 5. 

ttcid sulphate, 263 

ba.sic sulphate, 263 

<h)iible salts, 261, 423. 

— sulphide, 259, 423. 

— sulphite, 123. 

thiocyanate, 272, 425. 

tungstates, 265, 421 

vanadates, 424, 

SamarsUitc, 22l) ^ 

Samtaiy waie, 121, 132 
Sappluie, 70 

.synthesis of, 71 

white, 70. 

yellow, 70. 

Sassolitc, 6 
Soandiuni, 204. 

atomic weight, 208 

detection, 215 

estimation, 215. 

history, 205 

occurrence, 204. 

spectrum, 215. 

valency, 208. 

Scandium compounds, 208 

acetylacotonate, 214 

aci<i siilpliate, 212 

auiichlonde, 210 

basic suljihate, 212. 

borate, 215. 

bromide, 210. 

carbonate, 213. 

chloride, 210. 

fluoiide, 209. 

liydi oxide, 211. 

iodate, 210. 

nitrate, 212. 

• organic ^Its, 214. 



SUBJECT iSV>tX, 


Scandium oxalate, 218. 

oxide, 210. 

extraction from inineials, 208 

perchlorate, 210. 

platinocyanide, 209. 

selenato, 212. 

selenite, 212. 

— silicate, 20.*). 

sulphate, 212. 

sulphide, 211. 

sulphite, 211. 

thiosulphate (basio), 211. 

Scandium-orthite, 218 
Scolecite, 93, 97. 

Sedimentation, 10f» 

Seaer cones, 116. . 

Separating elenionts See Bare eaiths. 

separation fioni one another. 

Serial order of raie eaith elcmpnts, 326. 
Shale, alum, 84. 

Shales, clay, 104. 

Silhmanite. 92. 

in burnt clays, 113, 12( , 1-8. 

Sipylite, 221. 

Slates, 104. 

Sodalite, 94 ^ 

.Sodium aluminate, 77, /9. 

Sodium hypoborate, 28. 

Sodium peiboraie, 86. 

Spectra. Stc under the heading*, ol tin 
various elements. 

Spessartite, 93. 

Spinel, 78. 

Spinel ruby, 77. 

Spinels, 77. 

Spodumene, 94, 97. 

Stassfuftite, 7 
Stilbite, 93. 

Stoneware, 121. 

common, 121, 132. 

fine, 123, 129, 132 

Suffioni, 30. 

0, 228. 

Tengerite, 221. 

Terbia, 256, 429. 

separation of, fiom raie eaiths, 346. 

Terbium, 429. 

atomic weight, 245. 

detection, 865. 

t»stiraBtion, 368. 

history, 222. 

homogeneity, 358. 

occurrence, 217. 

spectrum, absorption, 289, 

— - arc, 310. 

cathodic phosphorescence, 

reversion, 294, 

- . — spark, 310. 

valency, 231. 

Terbium oompouiids, 429. 

bromide, 255. 

- — jchloride, 252. 

— - nitrate, 429. 

organic salts, 429. 


Terbium oxide (seaqui-), 25®. *2* 

peroxide, 429. 

sihcotungstate, 266. 

sulphate, 429. 

Teira-cottas, 121, 122. 

Thalemte, 221. ^ 

Thallic compounds, 1 / 3. 

alums, 191. 

— — Hrsciidte, 198. 

- biomate, 184. 

- bromide, 179. 

- chlorate, 184. 

- chloride, 179 

- chloiobroniides, 180. 

-chiomate, 193 

- double halidfs. 180. 
double seleiiates, 192. 

-double sulphates, 191. 
tliioi blonde, 178. 

— - lluoiidc, 178. 

— - hjdiogen oxalate, 199. 

hydiogeu suljihate, 191 

— - - hydroxide, 187. 

— lodatc, 18.^) 
iodide, 180 

- mtiatc 19t5. 

- -oxalate, 199. 

oxide, 186 

- oxyfluoiide, 178. 

penhloiale, 181. 

phosphate, 197. 

seleiiiite, 192. 

-- - selenite, 192. 
bulj)hate, 190 
sulphide, 188 
Thalhuni, 104. 

- — atomic weight, 169. 

detection, 201. 

ebtiraation, 202, 

hisioiy, 165. 

moleculai weight, liO. 

occurrence, lb4.^ 
picpaiatioii, 166. 

properties, 167. 

spectrum, 169 

thcrniochemistry, 174. 

I - - uses, 169. 

I valency, 169. 

Thdllium, alloys of, 174. 

Thallium coiniiounds, 171. 

ttlkjl compoundb, 200. 

aiitinionidc, 194. 

i Spotabblmn ammonothallite, 194 

' nitride, 194. 

|)enta.seleiude, 187, loo, 

I pentasulphide, 188, 

1 pho8|)hiue, 194 

uianites, 193. 

I Thallothallic compounds 

I azido, 193. 

1 , — - bromides, 132. 

broAiosulpbate, 191. 

I chlorides^ 181, 182, 

chloTobromides, 182, loo. 



ALUMINIUM AND 

ThAllothftllio cyanide, 199. 

— - iodideb, 188. 

oxalate, 199. 

oxide, 187. 

selenide, 188. 

RUlphate, 191. 

sulphide, 187, 

telluride, 1 89. 

Thallous compounds, 171. 
acetylacetonate, 200. 

alcoholates, 200. 

uluminate, 77. 

aritimonatc, 198. 

arsenates, 1 98. 

arsenite, 197. 

azide, 193. 

borates, 201. 

bromate, 184. 

bromide, 177 

caibonate, 198. 

chlorate, 184. 

chloride, 17 B 

chlorochromalo, 193 

chromates, 192, 193. 

cyanale, 199. 

cyanide, 198. 

— ^ dithionato, 191 

double chlorides, 177. 

nitiates, lOf* 

selenatfs, 19 J 

sul)ihatey, 18'< 

Huoride, 176. 

hydrogen fluoiido, 176. 

hypophosphate, 196 

_ nitrate, 19.6. 

ortliophosphates, 197. 

-S oxalate, 199. 

pyrojdiosphate, 197. 

sulphates, 190. 

hydi oxide, 18.6 

hyi)ophoH])hate, 19(3. 

lodate, 184 

iodide, 177. 

. metaphosphate, 197 

molybdate, 193 

— nitrate, 194. 

nitrite, 194. 

oith'ophosphate, 196. 

oxalate, 199. 

oxide, 136. 

— (lerborate, 201. 

perchlorate, 184. 

permanganate, 185. 

poi'sulphate, nl 
phosphomolyHdate, 193. 
phoaphotuTigstate, 198. 
pyrophosphate, 197. 

— pyrosttlphate, 190. ^ 

senate, 192. 

selenide, 188? 

— selenite,. 192. 

— silicates,' 200. * 

silicofluoride, 201, 

sUioomolybdate, 193. , 

— silicotiingstate. 193. 


IlN CONQENSK9. 

Thallous sulphate, 189. 

sulphide, 187 

— # sulphite, 189. ■ 

-- — tellurate, 192. 

telluride, 189 

thiocyanate, 199. 

thiopbosphate, 197. 

thiosulphate, 189. 

tuni'state, 193. 

Theinut, 51, 58. 

Tlioiia, separation trom uic eaiths, 319, 
371. 

Tluuiainte, 221. 

Thoniirn in laie earth minerals, 221. 

Thnliii, 256, 429 

sepal alion of. from laie earths, 350. 

Thulium, 437 

atomic weight, 246. 

detection, 365 

pshiimtion, 368. 

histoiy, 226 

homogeneity, 3,68. 

occunence, 217 

spcctium, ahsoipunn, 21*1, 

aic, 311. 

— — llaiue, 293 

spaik, 311. 

valency, 231 

Thulium compounds, 438 

icctylacetonatc, 279, 408. 

hromate, 2.6(3. 438, 

1 . 1 ; 2-hioinonitiobeiuencbulphonate, 

281. 

cacodylate, 280. 

chloride, 438 

nitiato, 438. 

oxalate, 438. 

— — oxide (scsquiO, 250, 429. 

sulphate, 438. 

Tinkal, 6. 

Tiza, 7. 

Tu})az, 94. 

oriental, 70. 

Touimaline, 94 
Tiitoraite, 221 
Turquoise, 89. 

Tysonite, 221. 

Ulbxiie, 7. 

Ultramarine, blue, 135. 

colour, cause of, 140. 

constitution, 139 

history, 135. 

manufacture, 135. 

properties, 187. 

uses, 139. 

Ultramarine, boron, 142. 

green, 136, 139. 

red, 186. 

selenium, 142, 

silver, 138. 

tellurium, 142. 

violet, 138. , 

white, 138. 

Underglaze cojours, 182, 133. 



SUBJECT niDBX. 


Unlorthite, 218. 
Uvarovite, 93. 


ViOTORlUH, 301. 

Vrbaite, 104. 

WAVfcLLlTIC, 89. 

Websteiite, 81. 

X (Soret’a i‘Ioment), 224, 225 
Xenotime, 220. 

Ya, 224, 226. 

Y3, 

Ytterbia (neo-), 2.'»6, 439 

— separation of, lioni raie eaitbs, 350 
Ytterbium 

“atomic " wei^'ht, 438 

history, 22f>, 227 

salts, 252, 25.^, 27 439 

Ytterbium (neo ), 438 

atomic weiglit, 215. 

detection, 365 

estimation, 368 

hiatoiy, 227 

homogeneity. 358. 

occurrence, 217 

spectrum, aic, 311. 

spaik, 311 

— valency, 231. 

Ytteibium (iieo-) 

1:4.2 bromonitioben/c novulphoiiale, 

281. 

— dimetliylpliohpliale, 281 

ethjlsiilpliate, 278. 

u\i<0 (sewim-), 439. 

sillpliate, 439 

Vttiia, 256, 433 

sepal ation of, Irom laie eaiths, 350 

Yttiialite, 221. 

Yttrium, 431 

atomic weight 216 

detection, 865 

estimation, 368. 

history, 221 

occuirence, 317 

jirepaiation, 229 

propel ties, 230, 432. 

spectrum, aic, 311. 

spaik, 311 

X lay. 312, 363. 

valency, 231. 

Yttiium compounds, 432 

acetylaectonate, 279 

broiuate, 256, 432. 

biomide, 255 


i Yttrium 1:4: 2-broinonitrobenzeue8Ulphon- 
I ate, 281. 

I cacodylate, 280. 

I carbide, 270. 

! — caibonate, 271, 435. 

■ double salts, 435 

chlorate, 432. 

chioiido, 252, 43‘2. 

double salts, 255, i32. 

— dimcthylphosphate, 281 
dith innate, 433.^ 

ethylsulpbate, ‘278. 

fluoride, 252, 432 

glycollate, 280 

liydi oxide, 483. 

lodate, 432. 
malonate, 280 
- iiitiate, 267, 434 

,/i.nitiobenzenesulpIional<‘, ‘281. 

01 game salt'', 436 

oxalate, 273, 436 

oxide (sesijui ), 256, 433. 

jieichloiate, 432 

— periodates, 432 

[)eroxide, 435. 

phosphates, 435 

platinwyimide, 272 

— - scbacute, 2H1 
selenate, 264, 134 

'^elemte, 134 

silicaU*, 4!16 

Hilicotungslale, 266. 

sulpliate, 260, 433. 

acitl sulidiate, ‘263 

basic suliihate, 263 

double suits, 261, 433. 

-- sulphide, 259, 433 

huipbite, 260, 433 

thnxiyanate, ‘27*2, 436 

tungstates, 265 

Yttro< elite, 221 
Yttroerasite, 2'21 
Yttiofluoiite, ‘221 . 

Yttiotantalitc, 220. 

Yttiotitamte, ‘221 

7ia, 2‘26, ‘2‘27, 2‘28 
Zfi, ‘226. ‘227, 228 
Zy, ‘226, 2‘27, 228. 

ZS, ‘227, 2‘28. 

Z«, 225. 

ZC, i225. 

Zeolit<‘8, 93, ^ , 

Zirconium, si-paiatinn from rare eaiui 
elements, 318, 365. 

I Zisiuni, 63. 

I Ziskon, 63. 
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